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Combination treatment with strontium for the prophylaxis and/or treatment of 
cartilage and/or bone conditions 

Field of the invention 

5 The present application relates to a combination treatment, wherein a strontium- 
containing compound together with one or more active substances capable of reducing 
the incidence of bone fracture and/or increasing bone density and/or improving healing of 
fractured bone and/or improving bone quality are administered for use In the treatment 
and/or prophylaxis of cartilage and/or bone conditions. 

10 

Background of the Invention 

Osteoporosis is the most common form of metabolic bone disease in humans. It is a 
condition, which affects a very large number of people all over the world, and as the 
number of elderly people is set to rise dramatically in the coming decades in most 
15 countries, the prevalence and impact of osteoporosis will also increase. The disease is 
characterized pathologically by an absolute decrease in the amount of bone mass and the 
structural quality of bone, and clinically by increased susceptibility to fractures. In fact, 
osteoporosis is the most significant underlying cause of skeletal fractures in late middle 
age and elderly women. 

20 

In general, there are two types of osteoporosis: primary and secondary. Secondary 
osteoporosis Is the result of an identifiable disease process or agent. However, 
approximately 90% of all osteoporosis cases are idiopathic primary osteoporosis. Such 
primary osteoporosis includes postmenopausal osteoporosis, age-associated 
25 osteoporosis (affecting a majority of Individuals over the age of 70 to 80), and idiopathic 
osteoporosis affecting middle-aged and younger men and women. 

The mechanism of bone loss in osteoporosis is believed to involve an imbalance in the 
process of bone remodeling. Bone remodeling occurs throughout life, renewing the 
30 skeleton and maintaining the strength of bone. This remodeling is mediated by specialized 
cells within the bone tissue, called "osteoclasts" and "osteoblasts". Osteoclasts (bone 
dissolving or resorbing cells) are responsible for the resorption of a portion of bone within 
the bone matrix, during the resorption process. After resorption, the osteoclasts are 

« 

followed by the appearance of osteoblasts (bone forming cells), which then refill the 
35 resorbed portion with new bone. 

The formation of the two cell types as well as their activity In bone is usually tightly 
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coupled and well regulated In order to maintain the skeletal balance and structural 
Integrity of the bones. However, in people with osteoporosis an Imbalance in this 
remodeling process develops, resulting in toss of bone at a rate faster than the accretion 

of bone. 

5 

The single most important risk factor for osteoporosis is oestrogen deficiency occurring 
naturally at the menopause. The decline in endogenous oestrogen production leads to an 
elevated metabolic activity in the bone tissue where the increase In osteoclast mediated 
bone resorption surpasses the more modest increase in bone formation, resulting in a net 

10 loss of bone. The actual number of people affected will grow at a rate greater than simple 
population growth rates, because the aging of the population is disproportionately 
increasing the older segment of the population, while the age tor the onset of menopause 
has remained constant In the last decades there has also been a substantial advance in 
the ability to predict and monitor osteoporosis, as methods for measurement of bone 

15 mineral density (BMD) has Improved and new specific biochemical markers of bone 
resorption and formation has been developed and made available for routine clinical use. 
New pharmaceutical agents for treatment and/or prevention of osteoporosis have also 
been developed. The majority of these treatments are based on substituting the lost 
endogenous estrogen either In the form of hormone replacement therapy (HRT) or 

20 selective estrogen receptor modulators (SERM), or they belong to the class of compounds 
called blsphospnonates. SERM's and especially HRT Is associated with significant side 
effects, such as increased risk of cancer and cardiovascular disease, whereas 
bisphosphonates in addition to a potent antiresorptive effect also decreases bone 
formation to a similar extent, implying that they loose their therapeutic effect after few 

25 years of treatment. Thus, there is a need for agents, which are effective in the treatment 
and/or prophylaxis of osteoporosis. 

Description of the invention 

For the treatment and/or prophylaxis of a cartilage and/or bone disease and/or conditions 
30 resulting in a dysregulation of cartilage and/or bone metabolism in a mammal, such as, 
e.g., a human female or male adult, adolescent or a child, such as, e.g., osteoporosis, 
osteoarthritis, osteopetrosis, osteopenia and Paget's disease, hypercalcemia of 
malignancy, periodontal disease, hyperparathyroidism, periarticular erosions in 
rheumatoid arthritis, osteodystrophy, myositis ossificans, Bechterew's disease, malignant 
35 hypercalcemia, osteolytic lesions produced by bone metastasis, bone pain due to bone 
metastasis, bone loss due to sex steroid hormone deficiency, bone abnormalities due to 
steroid hormone treatment, bone abnormalities caused by cancer therapeutics, 



WO 2004/098618 PCT/DK2004/000327 

3 

osteomalacia, Bechefs disease, hyperostosis, metastatic bone disease, immobilization- 
induced osteopenia or osteoporosis, or glucocorticoid-induced osteopenia or 
osteoporosis, osteoporosis pseudoglloma syndrome, idiopathic juvenile osteoporosis, for 
the improvement of fracture healing after traumatic or atraumatic fracture, and for the 

5 maintenance or increase of energy level, for building up or strengthening muscle tissues 
and for weight gain, the present inventors have found that the administration of a) a 
strontium-containing compound and b) one or more further active substances capable of 
reducing the incidence of bone fraqture and/or increasing bone mineral density and/or 
Improving healing of fractured bone has prophylactic and/or therapeutic value in that one 

10 or more of the following beneficial effects can be obtained: 

I) improvement of bioavailability of a) and/or b) compared with administration of a) alone 
or b) alone in the same doses, 

15 ii) improvement of one or more pharmacokinetic parameters of a) and/or b) compared with 
administration of a) alone or b) alone in the same doses, 

ill) reduction of frequency and/or magnitude of side-effects of a) and/or b) compared with 
administration of a) alone or b) alone in the same doses, 

20 

iv) obtaining an additive or synergistic effect of a) and b) compared with administration of 
a) alone or b) alone in the same doses, 

v) reduction of daily dose of a) and/or b) compared with ROD, recommended daily dose, 
25 for a) alone or b) alone in the same doses to obtain a prophylactic and/or therapeutic 

effect. The RDD values for the strontium-containing compound and the further active 
substances may be found at the following web pages: 

htto://1 93. 1 08.42. 1 03/LIF/home/index.isp?UserTvpelD==0 (FASS), http://www.rxlist.com 
and http://www.medscape.com/druainfo. 

30 

In the present context, the term "bioavailability" Is a measure of how much of an individual 
active substance that enters into the systemic circulation from a specific composition 
administered via a specific administration route. In practice, bioavailability is determined 
as the area under the plasma concentration versus time curve after administration to a 
35 subject. Improvement in bioavailability In the present context means that the bioavailability 
(i.e. area under the curve) increases. 
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In a method according to the invention, the administration of a) and b) in combination may 
lead to an improvement of bioavailability of a) and/or b) of 10% or more, such as, e.g. 
15% or more, 20% or more, 25% or more, 30% or more, 40% or more, 50% or more, 60% 
or more, 70% or more or 80% or more, compared with administration of a) alone or b) 
5 alone in the same doses. 

In the present context, the term "pharmacokinetic parameters" includes parameters 
relevant for the concentration versus time curve such as, e.g., peak concentration (Cn**), 
absorption (e.g. absorption rate), time to obtain peak concentration (W), distribution (e.g. 

10 distribution volume or distribution to specific tissues), metabolism (e.g. first pass 

metabolism), elimination (e.g. elimination rate) and excretion. In the present context, an 
improvement in one or more pharmacokinetic parameters means any change that lead to 
an improved prophylaxis and/or treatment of a subject. For instance, if a fast effect is 
desired for a specific active substance and the absorption rate of this active substance Is 

15 very slow (which means that the effect is exerted a relatively long time after intake of the 
drug), then an improvement would be to increase the absorption rate. 

In a method according to the invention, the administration of a) and b) in combination may 
lead to an Improvement in at least one parameter selected from the group consisting of 
20 absorption rate, time to reach peak concentration (W). peak concentration (Cmax), 

concentration vs. time curve, distribution volume or distribution to specific tissues, rate of 
metabolism, elimination rate and excretion rate. 

In the present context the term "reduction in frequency of side-effects" means that harmful 
25 side-effects observed In clinical trials using treatment with compounds a) and b) are less 
frequent than if treatment was carried out using compound a) or b) alone. 

A "harmful side-effect" is a response to a drug which is noxious and unintended, and 
which occurs at doses normally used In man for the prophylaxis, diagnosis, or therapy of 
30 disease, or for the modification of physiological function. 

In the present context, the term "reduction in magnitude of side effects" means that the 
measured magnitude and/or frequency of any measurable side effect is reduced. 

35 As mentioned above, administration of a) and b) may lead to an additive or synergistic 
effect An additive effect is typically present if the effect obtained corresponds to "the sum" 
of effects obtained if a) and b) were administered alone, whereas a synergistic effect is 
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present if the effect obtained is greater than "the sum" of effects obtained if a) and b) were 
administered alone. Both situations are advantageous in that it may be possible to obtain 
a sufficient effect using a lower amount of a) and/or b). 

» 

5 Accordingly, In a method according to the invention, the administration of a) and b) in 
combination may lead to a reduction of the daily dose of a) and/or b) required to obtain a 
therapeutic or prophylactic effect, as compared with the daily doses of a) or b) alone, 
which are needed to obtain the same or almost same effect. 

10 More specifically, in a method according to the invention, the amount of a) and/or b) 
administered In combination may be reduced by 10% or more, such as, e.g., 15 % or 
more, 20 % or more, 25 % or more, 30 % or more, 40% or more, 50% or more, 60% or 
more or 75% or more. 

15 The strontium component a) and the one or more further active substances b) may be 
administered by any suitable dose regimen adjusted to the active substances used, and 
the condition to be prevented and/qr treated. 

The invention relates to one method, wherein a) and b) may be administered as a single 
20 composition. The invention also relates to another method, wherein a) and b) may be 
administered as separate compositions. If more than one active substance b) are 
administered, these may be administered as a single composition or as separate 
compositions. 

25 The invention further relates to a method, wherein the administration of a) and b) takes 
place simultaneously or sequentially. 

Even though strontium and the one or more further active substances may be 
administered sequentially, e.g. within a time Interval of several hours, they are still 
30 considered to be part of the same treatment. 

Strontium 

Previous studies have shown that various strontium compounds modulate bone loss in 
osteoporosis when present at levels higher than those required for normal cell physiology. 
35 The effect Is believed to be due to a stimulatory effect of strontium on pre-osteoblastic cell 
maturation, migration and activity, and a direct or matrix-mediated inhibition of osteoclast 
activity by strontium (Reginster, JY, Currpharm Des 2002:8 (21):1907-16). In other words, 
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strontium both works as an antl-resorptlve and an anabolic agent. Various salts of 
strontium are known from the prior art, such as, e.g., strontium ranelate (dlstrontium salt of 
24N,N«H(can^oxyme%l)amM 

described In EP-B 0 415 850. The ranelate part of the strontium compound, derived from 
5 ranellc acid, Is unlikely to have any therapeutic effect towards cartilage or bone conditions 
per se. Other known strontium salts are e.g., strontium tartrate, strontium phosphate, 
strontium carbonate, strontium nitrate, strontium sulfate and strontium chloride. 

The following strontium salts of organic or inorganic acids may be used in a method as 
10 described above. The salts may be In hydrate, anhydrous, solvate, polymorphous, 
amorphous, crystalline, mlcrocrystalline or polymeric form. In one embodiment of the 
Invention, only non-radioactive Isotopes of strontium are used. 

« 

Some of the known strontium salts (e.g. strontium hydrochloride) have a very high water- 
1 5 solubility. Irrespective of their water-solubility such strontium salts may be used In the 
combination treatment of the invention. However, in a specific embodiment of the 
Invention the water-solubility of the strontium salt is at the most about 200 g/I such as, e.g. 
at the most about 1 50 g/I, at the most about 1 00 g/I, at the most about 75 g/I, at the most 
about 50 g/I, at the most about 25 g/I, at the most about 10 g/I, at the most about 5 g/I, at 
20 the most about 2.5 g/I, or at the most about 1 g/I at room temperature (20-25 °C). 

In those cases where e.g. a strontium salt having a water-solubility of at the most about 1 
g/I (e.g. strontium citrate, strontium carbonate, strontium oxalate or strontium hydrogen 
phosphate), the present Inventors have shown that it is possible to delay the appearance 

25 of the peak concentration, i.e. the active substance itself may contribute to a delayed 
release of the strontium ion. This may provide a therapeutic and/or prophylactic 
intervention in a metabolic bone disease according to the invention, as it will provide a 
sustained physiological effect Especially if the treatment is given in the evening, it can be 
advantageous to have a sustained release of the active strontium ion, as this will allow the 

30 strontium to exert its antiresorptive effect throughout the night, where it is known that bone 
resorption Is most active. Thus a sustained release of strontium ions throughout the night 
must be expected to provide the greatest physiological effect 

Moreover, in a specific embodiment of the invention, the strontium salt for use according 
35 to the invention may be water soluble, having a water solubility of at least 1 g/I, such as, 
e.g., at least 5 g/I, at least 10 g/I, at least 20 g/I, at least 30 g/I, at least 40 g/I, at least 50 
g/I, at least 60 g/l, at least 70 g/I, at least 80 g/I, at least 90 g/I or at least 100 g/l measured 
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at room temperature, I.e. a temperature of 20-25°C. A more water soluble organic 
carboxylate strontium salt may provide significant physiological benefits for a medical use 
according to the invention. Firstly, we have found that such salts, due to the intrinsic 
alkaline properties of ionic strontium elevates pH when solubilised in aqueous media, 

5 such as the gastric juice of the stomach. Thus, when administered in combination with 
other medical agents according to the present Invention, such as bisphosphonates, which 
are known to be associated with significant gastro-intestinal (Gl) adverse events, the 
strontium salt will have a beneficial effect and serve to prevent or reduce occurrence of Gl 
adverse events. Secondly a more rapid solubility of the strontium ion may provide greater 

10 availability of the free Ionic form of strontium for uptake by the active transport mechanism 
present in the upper part of the Intestinal system. It Is known that strontium is taken up by 
the same two distinct mechanisms as calcium, an active transport mechanism in the 
duodenum and upper Jejunum, which occurs through the epithelial cells where distinct ion- 
channels mediate the uptake. The active transport form is saturable, and this mechanism 

15 dominates when strontium doses of 0.5 g or below are administered to adult human 

subject. This process involves 3 major steps: Entry across the brush border mediated by a 
molecular structure termed CaT1; intracellular diffusion, mediated largely by the cytosblic 
calcium binding protein calbindln D (or CaBP); and extrusion into circulation is mediated 
largely by Calcium ATPase. The active transport mechanism Is only able to take up ionic 

20 strontium in free non-complexed form. The passive strontium transport mechanism, which 
occurs throughout the length of the digestive tract, is para-cellular. The passive transport 
mechanism Is basically unsaturate. Thus, the use of more water soluble strontium salts 
according to the present invention may result in higher bioavailability of strontium as a 
greater fraction of the free ionic form of strontium can be taken up rapidly If the salt 

25 dissociates completely already in the stomach. 

The inorganic acid for making strontium salts may be selected from the group consisting 
of boric acid, bromous acid, carbonic acid, chloric acid, dlphosphoric acid, disulfuric acid, 
dithionlc acid, dithionous acid, fulminic acid, hydrazoic acid, hydrobromic acid, 

30 hydrochloric acid, hydrofluoric acid, hydroiodic acid, hydrogen sulfide, hypophosphoric 
acid, hypophosphorous acid, iodic acid, iodous acid, metaboric acid, metaphosphoric acid, 
meta phosphorous acid, metasilidc acid, nitric acid, nitrous acid, orthophosphoric acid, 
orthophosphorous acid, orthosilicic acid, phosphoric acid, phosphinic acid, phosphonic 
acid, phosphorous acid, pyrophosphorous acid, seienic acid, sulfonic acid, sulfuric acid, 

35 sulfurous acid, thiocyanic acid and thlosulfuric acid. 
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The organic add may be selected from the group consisting of acetic acid, C2H 6 COOH, 
C 3 HrCOOH, C4H9COOH, (COOHfe, CH 2 (COOH)2, C 2 H 4 (COOH)2, C 3 H e (COOH) 2p 
C 4 H 8 (COOH)2, C8H 10 (COOH)2, fumaric acid, maleic acid, malonic acid, lactic acid, pyruvic 
acid, L- and D- aspartic acid, citric acid, tartaric acid, oxalic acid, ascorbic acid, benzoic 

5 acid, salicylic acid, phthalic acid, carbonic acid, formic acid, methanesulfonlc acid, 
ethanesulfonic acid, camphoric acid, gluconic acid, L- and D-glutamlc add, trifluoroacetic 
add, ranelic acid, 2,3,5,6-tetrabromobenzoic acid, 2,3,5,6-tetrachlorobenzolc acid, 2,3,6- 
tribromobenzoic add, 2,3,6-trlchlorobenzoic add, 2,4-dichlorobenzoic add, 2,4- 
dihydroxybenzolc acid, 2,6-dInitrobenzolc acid, 3,4-dlmethoxybenzolc acid, abletic acid, 

0 acetoacetic acid, acetonedlcarboxylic acid, aconitlc acid, acrylic acid, adlplc acid, alpha- 
ketoglutaric acid, anthranilic acid, benzilic acid, arachidic acid, azelate acid, behenlc acid, 
benzenesulfonic acid, beta-hydroxybutyrtc acid, brassidic acid, capric acid, chloroacryllc 
acid, clnnamic acid, citraconic acid, crotonic acid, cyclopentane-1,2-dicarboxylic acid, 
cyclopentanecarboxyllc acid, cystathionine, decanoic acid, erucic acid, equllin-3-sulphate, 

5 ethylenediaminetetraacetic acid, fuMc acid, fumaric acid, gallic acid, glutaconlc acid, 
glutaric acid, gulonic acid, glucosamine sulphate, heptanolc acid, hexanoic acid, humic 
add, hydroxystearic acid, isophthallc acid, itaconic acid, lanthlonlne, lauric acid 
(dodecanolc acid), levullnic acid, llnoleicacid (cis,cis-9,12-octadecadienoic acid), malic 
acid, m-chlorobenzoic acid, melissic acid, mesaconic acid, methacrylic acid, 

:0 monochloroacetic acid, myristic acid, (tetradecanoic acid), nonanoic acid, norvaline, 
octanoic acid, oleic acid (cis-9-octadecenoic acid), ornithine, oxaloacetic acid, palmitic 
acid (hexadecanoic acid), p-aminobenzoic acid, p-chlorobenzoic acid, petroselic acid, 
phenylacetic acid, p-hydroxybenzoic acid, pimelic acid, propiolic acid, propionic acid, p- 
tert-butylbenzoic acid, p-toluenesulfonic acid, pyruvic acid, sarcosine, sebacic acid, 

:5 serine, sorbic acid, stearic acid (octadecanolc acid), suberic acid, succinic acid, 

terephthalic acid, tetrolic acid, threonine, L-threonate, D- threonate, thyronine, tricarballylic 
acid, trichloroacetic acid, trimellitic acid, trimeslc acid, tyrosine, ulmic acid and 
cyclohexanecarboxylic acid. 

10 All acids, which FDA has regarded as safe for use in compositions for oral Intake, may be 
used in the present invention. Examples of suitable acids are mentioned in the following 
table I: 

Table I: Acids for making strontium salts 
ACETIC ACID, 
N-ACETYL-L-METHIONINE 
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ACONITIC ACID 



ACRYLIC ACID-2-ACRYLAMIDO-2-METHYL PROPANE 
SULFONIC ACID COPOLYMER 



ADIPIC ACID 



t r-.i.iit- 



ALGINIC ACID 



P-AMINOBENZOIC ACID 
ANISIC ACID 



ASCORBIC ACID 



L-ASPARTIC ACID 



D-ASPARTIC ACID 



BENZOIC ACID 



BORIC ACID 



BUTTER ACIDS 



BUTYRIC ACID 



CHOLIC ACID 
CINNAMICACID 



CITRIC ACID 



CYCLOHEXANEACETIC ACID 



»r-T-w«^ II 



CYCLOHEXANECARBOXYLIC ACID 



DECANOIC ACID 



4-DECENOIC ACID 



6-DECENOIC ACID 



5-DECENOIC ACID 



9-DECENOIC ACID 



DEHYDROACETIC ACID 



DESOXYCHOLIC ACID 



2,4-DIHYDROXYBENZOIC ACID 



3.7-DIMETHYL-6-OCTENOIC ACID 



2.4-DIMETHYL-2-PENTENOIC ACID 



. ■ i ' i — i - — 



(E)-2-DECENOIC ACID 



EDTA, CALCIUM DISODIUM 



— — ~- — — — * Maaeggaaa ' 



(E)-2-HEPTENOIC ACID 
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(E)-2-NONENOIC ACID 



(E)-2-OCTENOIC ACID 



EQUILIN-3-SULPHATE 



ERYTHORBIC ACID 



ETHANESULFONIC ACID, 2-(1-(DIFLUORO- 
({TRI FLUOROETHEN YL)0 



2-ETHYLBUTYRIC ACID 



4-ETHYLOCTANOIC ACID 



FATTY ACIDS 



FOLIC ACID 



FORMIC ACID 



FUMARIC ACID 



D-GLUCONIC ACID 



L-GLUTAMIC ACID 



D-GLUTAMIC ACID 



■ II I I l"BT ■ — — ~— ■ ■■ -Miir.-i -.^ ^r»»#r "f ii«m-ii \mrrr—-m 



GLUCOSAMINE SULPHATE 



irnriirr-"Mi 



GLYCOCHOLIC ACID 



HEPTANOIC ACID 



HEXANOIC ACID 



TRANS-2-HEXENOIC ACID 



3-HEXENOIC ACID 



ii i - ^-^^«==«»===^^ — ' " , nm a 



HYDROCHLORIC ACID 



4-HYDROXYBENZOIC ACID 



1 -HYDROXYETHYLIDENE-1 ,1-DIPHOSPHONIC ACID 



3-HYDROXY-2-OXOPROPIONIC ACID 



_ l l l 1 1 ■ iitti - ■ - - '■'■"^-~'^ Jg3 j M = e = 31! == 3B ™ 1 1 r-TiT inHiM'if 



ISOBUTYRIC ACID 



ISOVALERIC ACID 



ALPHA-KETOBUTYRIC ACID 



LACTIC ACID 



LAURIC ACID 



LEVULINIC ACID 



LIGNOSULFONIC ACID 
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LINOLEIC ACID 



L-MALIC ACID 



MALIC ACID 



2-MERCAPTOPROPIONIC ACID 



METHACRYLIC ACID-DIVINYLBENZENE COPOLYMER 



2-METHOXYBENZOIC ACID 



3-METHOXYBENZOIC ACID 



in n -n- 



4-METHOXYBENZOIC ACID 



Tl 



TRANS-2-METHYL-2-BUTENOIC ACID 



2-METHYLBUTYRIC ACID 



3-METHYLCROTONIC ACID 



2-METHYLHEPTANOIC ACID 



2-METHYLHEXANOIC ACID 



5-METHYLHEXAN01C ACID 



4-METHYLNONANOIC ACID 



4-METHYL-2-OXOPENTANOIC ACID 



r ■ntiirnn 



rr*'-r'"* - ^ - . 
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4-METHYLOCTANOIC ACID 



3-METHYL-2-OXOBUTANOIC ACID 
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3-METHYL-2-OXOPENTANOIC ACID 



3-METHYLPENTANOIC ACID 



4-METHYLPENTANOIC ACID 



2-METHYL-2-PENTENOIC ACID 



•coca 



2-METHYL-3-PENTENOIC ACID 



2-METHYL-4-PENTENOIC ACID 



4-(METHYLTHIO)-2-OXOBUTANOIC ACID 



2-METHYLVALERIC ACID 



MONOCHLOROACETIC ACID— PROHIBITED 



II Ml«-t I 



AM 



MYRISTIC ACID 



NONANOIC ACID 



NORDIHYDROGUAIARETIC ACID— PROHIBITED 



9,12-OCTADECADIENOIC ACID (48%) AND 9.12,15- 
OCTADECATRIENOIC ACID 
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OCTANOICACID 



OLEIC ACID 



OLEIC ACID, FROM TALL OIL FATTY ACIDS 



2-OXOPENTANEDIOIC ACID 



4-PENTENOIC ACID 



2-OXO-3-PHENYLPROPIONIC ACID 



PALMITIC ACID 



PERACETIC ACID 



PERIODIC ACID 



PHENOXYACETIC ACID 



PHENYLACETIC ACID 



— «ii i * hi muT nmn— n~p 



3-PHENYLPROPIONIC ACID 
PHOSPHORIC ACID 



POLYMALEIC ACID 



PROPIONIC ACID 



PYROLIGNEOUS ACID 



SORBIC ACID 



PYROLIGNEOUS ACID, EXTRACT 



PYRUVIC ACID 



SALICYLIC ACID 



STEARIC ACID 



SUCCINIC ACID 



SULFURIC ACID 



SULFUROUS ACID 



TANNIC ACID 



TARTARIC ACID, L 



TAUROCHOLIC ACID 



1,2,5,6-TETRAHYDROCUMINIC ACID 



THIODIPROPIONIC ACID 



L-THREONIC ACID 



TRIFLUOROMETHANE SULFONIC ACID 



UNDECANOIC ACID 
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. i 

10-UNDECENOIC ACID 
N-UNDECYLBENZENESULFONIC ACID 

VALERIC ACID ■ 
VANILLIC ACID "*""""*" ~ 



In one embodiment of the Invention, the acid may be a non-chelator of strontium. In yet a 
further embodiment, the acid may be a monoprotic or a diprotic acid. 

■ 

■ 

5 Specific examples of strontium salts for use according to the Invention are strontium 
chloride, strontium chloride hexahydrate, strontium citrate, strontium malonate, strontium 
succinate, strontium fumarate, strontium ascorbate, strontium aspartate In either L and/or 
D-form, strontium glutamate in either L- and/or D-form, strontium pyruvate, strontium 
tartrate, strontium glutarate, strontium maleate, strontium methanesulfonate, strontium 

10 benzenesulfonate strontium glucosamine sulphate, strontium L-threonate, strontium 

oxalate, strontium sulphate, strontium lactate, strontium hydrogen phosphate and mixtures 
thereof. 

Other examples of relevant acids for making strontium salts for use In a pharmaceutical 
15 composition may be found in WO 00/01692, which is hereby incorporated by reference. 

Synthesis of strontium salts 

Organic strontium salts of carboxylic add anions can be synthesized by a number of 
different pathways. A conventional method for preparation of such organic strontium salts 
20 Is to utilise the reaction between and organic acid and strontium hydroxide in an aqueous 
solution. This neutralisation reaction of, e.g. fumaric acid and strontium hydroxide salt 
follows the following scheme: 

Sr 2 +{aq)+ 20H~(aq)+HOOCCHCHCOOH(aq) -> Sr{OOCCHCHCOO\aq)+ 2H 2 0(l) 

25 

The suspension of dissolved strontium fumarate can then be induced to precipitate by 
sublimation of water and subsequent up-concentration of the salt Crystals will slowly form 
and precipitate from the solution. 

30 An alternative approach is to utilize the sodium or potassium salt of the appropriate 
carboxylic acid anion and strontium chloride. As all organic strontium salts will be less 
soluble than the highly soluble chloride salt, the organic strontium salt will precipitate 
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under these conditions leaving NaCI and excess SrCb In the solution. The equation below 

* • 

exemplifies this reaction scheme using as an example the reaction between SrCI 2 and 
sodium-fumarate. 



Sr 2 * (aq)+ 2CT (aq)+ 2Na*(aq) + C*HiO<?- (aq) 
-> Sr{OOCCHCHCOO\aq)+ Cl~ {aq)+ Na + (aq) 

The present inventors have found that different strontium salts requires different synthesis 
pathways, and for some strontium salts we have identified optimized synthesis and 
manufacturing procedures. Of particular relevance for the present invention, it has been 
found that synthesis of strontium salts of the dl-carboxyllc amlnoacids aspartate and 

1 0 glutamate (In either D- or L- form) is very difficult when following these conventional 

reaction pathways, and generally results in low yields and purity of the obtained crystalline 
salt. In order to facilitate large scale manufacture of pure strontium salts of dlcarboxyllc 
amino acids to carry out the pharmaceutical use according to the present invention, the 
. present inventors have studied various synthesis pathways of these particular strontium 

15 salts. Thus, it has surprisingly been found that synthesis of well defined and pure 

strontium glutamate in hexahydrate form is most convenient carried out with the free acid 
form of glutamate and strontium hydroxide and requires elevated temperatures, such as 
temperatures above 80°C, or more preferred 100°C or even 120°C or most preferred 
more than 130°C (see examples 4 - 6). Furthermore, we have found that addition of small 

20 volumes of alcohol can accelerate the crystal-formation of dissolved aqueous organic 
strontium salts. Examples of these synthesis procedures for organic strontium salts of 
relevance for the treatment and/or prophylaxis of bone disease are provided in the 
examples herein. 



25 Calcium 

One example of a further active substance to be administered as part of the same 
prophylaxis and/or treatment as strontium, is calcium. Calcium is the most abundant 
mineral In the body, and a major constituent of bone and teeth as calcium phosphate and 
calcium carbonate. Calcium is also essential In Intra- and extracellular fluid exchange, 
30 blood clotting, and in maintaining a regular heartbeat It is also important in the initiation of 
neuromuscular as well as metabolic functions. Most of the calcium In the body Is stored in 
the bones. 

Thus, calcium Is an important participant in many processes in the body, and 
35 administration of calcium may have a therapeutic and/or prophylactic effect on many of 
the diseases and conditions mentioned above. 
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Accordingly, the present invention relates to a method wherein an amount of strontium 
and an amount of calcium may be administered to a subject In need thereof and wherein 
the weight ratio between the amount of strontium and the amount of calcium Is from about 
5 0.05 to about 4, such as, e.g., from about 0.06 to about 2, from about 0.1 to about 2, from 
about 0.15 to about 1 , from about 0.2 to about 1 , from about 0.3 to about 1 f from about 0.5 
to about 1 and from about 0.6 to about 1 . 

The daily dose of strontium may be at least about 0.01 g, such as, e.g. at least about 
10 0.025 g, at least about 0.050 g, at least about 0.075 g, at least about 0,1 g, at least about 
0.2 g, at least about 0.3 g, at least about 0.4 g or at least about 0.5 g or from about 0.01 to 
about 2 g such as, e.g., from about 0.1 to about 2 g, from about 0.1 to about 1 g, from 
about 0.15 to about 0.5 g, from about 0.3 to about 2 g or from about 0.3 to about 1 g. 

15 The daily dose of calcium may be at least about 0.01 g, such as, e.g. at least about 0.025 
g, at least about 0.050 g, at least about 0.075 g, at least about 0.1 g, at least about 0.2 g, 
at least about 0.3 g, at least about 0.4 g or at least about 0.5 g or from about 0.01 to about 
2 g such as, e.g., from about 0.1 to about 2 g, from about 0.5 to about 2 g, from about 0.5 
g to about 1 g, or from about 1 to about 1 .5 g. 

20 

The administration of the strontium component and calcium may take place 
simultaneously, either in a single administration form or In separate administration forms 
for simultaneous administration as described above. 

25 Alternatively, the strontium component and calcium may be administered sequentially. 

Studies have shown that strontium is a full agonist of the calcium-sensing receptor (CaR). 
Even though the role of the CaR in regulating bone cells is not fully investigated, it 
appears that strontium and calcium may exert their effect on bone metabolism via the 

30 same receptor. Furthermore it is known that strontium and calcium is taken up from the 
intestinal lumen by the same transport mechanisms, of which the active transport 
mechanism found In the duodenum and upper jejunum Is most important. As this transport 
mechanism is saturable, and has a preference for calcium relative to strontium, the uptake 
of strontium from the Intestinal lumen will be reduced if calcium is present at the same 

35 time. 

Accordingly, It may be beneficial not to administer the strontium-containing component 
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and calcium at the same time. 

In one aspect of the present Invention, calcium may be administered after the 
administration of strontium, i.e. the invention relates to a method, wherein calcium Is 
5 administered at least 0.5 h, such as, e.g., at least 1 h f at least 2 h, at least 3 h, at least 4 
h, at least 5 h, at least 6 h, at least 7 h, at least 8 h, at least 9 h, at least 1 0 h, at least 1 1 h 
or at least 12 h after the administration of the strontium component 

In another aspect calcium may be administered before the administration of strontium, I.e. 
10 the invention relates to a method, wherein calcium Is administered at least 0.5 h, such as, 
e.g., at least 1 h, at least 2 h, at least 3 h t at least 4 h, at least 5 h, at least 6 h, at least 7 
h, at least 8 h, at least 9 h, at least 1 0 h, at least 1 1 h or at least 1 2 h before the 
administration of the strontium component. 

15 Vitamin D 

Another example of a further active substance to be administered as part of the same 
prophylaxis and/or treatment as strontium is vitamin D. Vitamin D plays a major role in 
calcium absorption, since activated vitamin D 3 (1 ,25-dihydroxychotecalciferol) and to a 
smaller extent other active forms of vitamin D, increases the calcium absorption from the 
20 small Intestine. Vitamin D 3 increases the entry of calcium through the plasma membrane 
into the enterocytes and is capable of reducing the excretion of calcium to urine by 
Increasing the reabsorbtlon of calcium in kidneys. Most likely, vitamin D has the same 
effect on strontium absorption as it has on calcium absorption. 

25 Vitamin D is activated in e.g. the liver and kidneys. High levels of calcium are having a 
reducing effect on activation of vitamin D, and high levels of strontium will probably have 
the same effect as calcium on the activation of vitamin D. 

■ 

Thus, the administration of an amount of vitamin D together with a strontium-containing 
30 compound according to the invention will most likely have a beneficial effect on the uptake 
of strontium. 

Accordingly, the invention relates to a method according to the invention comprising 
administering an amount of strontium and an amount of vitamin D to a subject In need 
35 thereof. 

The daily dose of strontium administered may be at least about 0.01 g, such as, e.g. at 
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least about 0.025 g f at least about 0.050 g, at least about 0.075 g, at least about 0.1 g, at 
least about 0.2 g, at least about 0.3 g, at least about 0.4 g or at least about 0.5 g or from 
about 0.01 to about 2 g such as, e.g., from about 0.1 to about 2 g, from about 0.1 to about 
1 g, from about 0.15 to about 0.5 g; from about 0.3 to about 2 g or from about 0.3 to about 

5 1g. 

Vitamin D 3 is known to be active in the prophylaxis and/or treatment of cartilage and/or 
bone conditions. Accordingly, in one method according to the invention, the vitamin D is 
vitamin D 3 and the weight ratio between the amount of strontium and the amount of 

10 vitamin D 3 is from about 200 to about 2,000,000, such as, e.g. f from about 300 to about 
1 ,500,000, from about 400 to about 1 ,000,000, from about 500 to about 750,000, from 
about 500 to about 500,000, from about 500 to about 200,000, from about 1000 to about 
100,000, from about 2000 to about 60,000, from about 3000 to about 50,000, from about 
5000 to about 30,000, from about 7500 to about 25,000, from about 10,000 to about 

1 5 20,000 or from about 1 0,000 to about 1 5,000. 

The daily dose of vitamin D 3 may be at least about 1 A/g, such as, e.g. at least about 1 .25 
//g, at least about 1 ,50 A/g, at least about 2 A/g, at least about 3 A/g, at least about 4 A/g, at 
least about 5 fjg, at least about 10 A/g, at least about 1 5 fjg f at least about 20 fjg, at least 
20 about 25 A/g, at least about 30 //g, at least about 40 fjg or at least about 50 fjg or from 
about 1 fjg to about 50 fjg such as, e.g., from about 1 .50 fjg to about 40 A/g, from about 2 
fjg to about 30 //g, from about 3 fjg to about 30 fjg, from about 4 fjg to about 30 jjq, from 
about 5 //g to about 30 //g, from about 1 0 fjg to about 30 fjg, from about 1 0 fjg to about 20 
fjg or from about 1 5 //g to about 25 fjg. 



25 



More specifically, the daily dose of vitamin D 3 may be from about 5 A/g to about 30 A/g, 
such as, e.g., from about 10 fjg to about 20 fjg. 



Another active form of vitamin D to be used In a method according to the Invention is 
30 vitamin D 2 . The daily dose of vitamin D 2 may be at least 1 fjg t such as, e.g. at least about 
1 .50 A/g, at least about 2 A/g, at least about 3 A/g, at least about 4 A/g, at least about 5 A/g, 
at least about 10 A/g, at least about 15 A/g, at least about 20 A/g, at least about 25 A/g, at 
least about 30 A/g, at least about 40 A/g, at least about 50 A/g, at least about 60 A/g, at least 
about 70 A/g, at least about 80 A/g, at least about 90 A/g, at least about 100 A/g, at least 
35 about 1 10 A/g, at least about 120 A/g or at least about 125 fjg or from about 1 fjg to about 
125 A/g such as, e.g., from about 1 .50 to about 120 A/g. from about 2 A/g to about 1 10 A/g, 
from about 3 A/g to about 100 jug, from about 4 fjg to about 90 A/g, from about 5 A/g to 
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about 80 fjg, from about 5 //g to about 125 //g, from about 10 //g to about 70 pig, from 
about 10 fjg to about 60 fjg, from about 10//g to about 50 fjg, from about 10 pig to about 
40 fjg, from about 1 0 //g to about 30 fjg, from about 1 0 fjg to about 20 //g, or from about 
15 fjg to about 25 //g. 

More specifically, the dally dose of vitamin D 2 Is from about 5 //g to about 125 jug, such as, 
e.g., from about 10//g to about 20 fjg. 

Other functional equivalents of vitamin D 3 and D 2 , such as alphacalcldol, calcitriol or 
) dlhydrotachysterol, may also be administered according to the invention. Alpha-calcidlol, 
1a-hydroxy-cholecalciferol, may be administered in amounts of 0.2-3 pg/day, preferably 
0.25-2 pg/day- Calcitriol, 1 ,25-dihydroxy-cholecalciferol, may be administered in amounts 
of 0.1-10 pg/day, preferably 0.125-2 pg/day and dihydrotachysterol, a vitamin D 2 
analogue, may be administered in amounts of 0.1-3 mg/day, preferably 0.2-0.6 mg/day. 

5 

In a method according to the invention, the administration of the strontium component and 
the vitamin D component may take place simultaneously, either in a single administration 
form or in separate administration forms for simultaneous administration. 

) PTH 

A further example of an active substance that may be administered as part of the same 
treatment as the administration of strontium, is parathyroid hormone. Parathyroid hormone 
is composed of 84 amino acid residues and is released in vivo in response to a decrease 
in the level of extra cellular calcium. Daily administration of parathyroid hormone and 

5 fragments thereof is known to stimulate bone formation, produce a robust increase In 
bone mineral density and substantially reduce vertebral and non-vertebral fractures in a 
population at risk of such fractures. Parathyroid hormone acts directly on the kidney to 
Increase urinary calcium reabsorption, and increases bone formation and resorption via 
mechanisms involving osteoblasts and osteoclasts. Parathyroid hormone also increases 

) the activation of vitamin D by stimulating the activity of 1ar-hydroxylase enzyme in the 
kidney, subsequently leading to a better absorption of calcium and, possibly, strontium. 

A commercially available parathyroid hormone containing drug, Forteo (teriparatide, 
recombinant human parathyroid hormone (1-34), rhPTH(1-34)) f comprises the 34 N- 
5 terminal amino acids region of human parathyroid hormone, which is believed to be the 
biologically active region. 
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Accordingly, In another method according to the invention an amount of parathyroid 
hormone or a fragment or analogue thereof or a parathyroid hormone related peptide or a 
fragment or analogue thereof Is administered as part of the same treatment as 
administration of strontium. In the following the term "PTH" covers parathyroid hormone, 
5 fragments, analogues, functional analogues and secretagogues thereof together with 
parathyroid related hormone and fragments, analogues and functional analogues thereof. 

In a method according to the invention, the weight ratio between the amount of strontium 
and the amount of PTH, when calculated as recombinant human parathyroid hormone (1- 

10 34), may be from about 165 to about 2,000,000, such as, e.g., from about 200 to about 
1 ,500,000, from about 200 to about 1 ,000,000, from about 200 to about 750,000, from 
about 200 to about 500,000, from about 250 to about 200,000, from about 300 to about 
100,000, from about 500 to about 70,000, from about 1000 to about 50,000, from about 
2500 to about 35,000, from about 3500 to about 30,000, from about 5000 to about 25,000, 

1 5 from about 7500 to about 1 5,000 and from about 1 0,000 to about 1 5,000. 

The daily dose of strontium may be at least about 0.01 g, such as, e.g. at least about 
0.025 g, at least about 0.050 g, at least about 0.075 g, at least about 0.1 g, at least about 
0.2 g, at least about 0.3 g, at least about 0.4 g or at least about 0.5 g or from about 0.01 to 
20 about 2 g such as, e.g., from about 0.1 to about 2 g, from about 0.1 to about 1 g, from 
about 0.15 to about 0.5 g, from about 0.3 to about 2 g or from about 0.3 to about 1 g. 

The daily dose of PTH, when calculated as recombinant human parathyroid hormone (1- 
34), may be at least 1 /jg, such as, e.g. at least about 2 //g, at least about 3 //g, at least 

25 about 4 /yg, at least about 5 fig, at least about 10 //g, at least about 1 5 //g, at least about 
20 #g> at least about 25 fig, at least about 30 jjg t at least about 35 //g, at least about 40 
fig, at least about 50 jig, or at least about 60 fig, or from about 1 //g to about 60 jjq such 
as, e.g., from about 2 to about 50 //g, from about 3 fig to about 40 fig, from about 4 jjg to 
about 40 fig, from about 5 fig to about 40 fig, from about 1 0 jug to about 40 jig, from about 

30 10 fig to about 35 jjg t from about 10 fig to about 30 fig, from about 1 0 //g to about 25 fig, 
from about 10 //g to about 20 fig, from about 15 fig to about 40 jt/g, from about 20 jjg to 
about 40 fig or from about 20 jjg to about 30 fig. 

rt 

More specifically, the daily dose of PTH, when calculated as recombinant human 
35 parathyroid hormone (1-34), may be from about 10 //g to about 40 fig, such as, e.g., from 
about 1 0 fjg to about 30 //g, from about 1 0 fig to about 20 jjg 9 from about 20 jjg to about 
40 {jg or from about 20 fig to about 30 fig. 



B00027340 



WO 2004/098618 PCT7DK2004/000327 

20 



In a method according to the Invention, the administration of the strontium component and 
PTH may take place simultaneously, either In a single administration form or in separate 
administration forms for simultaneous administration. 

5 

In another method according to the invention, the strontium component and PTH may be 
administered sequentially. 

Blsphosphonates 

10 The blsphosphonates are a family of molecules, which bind tightly to the internal surfaces 
of trabecular bone and inhibit its breakdown. Blsphosphonates also modify the behaviour 

« 

of bone resorption cells, slowing the resorption of trabecular bone. These two actions are 
probably both important in allowing the bone-regenerating osteoblast cells to form extra 
bone and provide extra strength. Studies have shown that blsphoshonates prevent bone 

IS loss and increase bone mass over a period of two to three years. However, they also 
appear to have potential detrimental side effects, such as, e.g., the potential of Inhibiting 
bone formation as well as resorption, poor absorption via oral administration, and they are 
known to cause G.I. irritation and to have extremely long half-lives in bone. Therefore, the 
subject in need of treatment potentially should have a minimal exposure to these 

20 compounds. One way of reducing exposure without sacrificing the effect of the 

blsphosphonates would be to administer the blsphosphonates together with another anti- 
resorptive agent such as strontium. Furthermore, the present inventors have found an 
additive and possibly synergistic effect of strontium and the blsphosphonates. This effect 
makes it possible to use smaller doses of the blsphosphonates when administered 

25 together with strontium to obtain the same effect 



The present inventors have also found that the use of strontium together with one or more 
blsphosphonates has prophylactic and/or therapeutic value in that one or more of the 
beneficial effects mentioned above for strontium and one or more further active 
30 substances can be obtained. Specifically the present inventors have found that 

coadministration of a bisphosphonate and a strontium salt can serve to reduce the Gl 
adverse events associated with the bisphosphonate treatment, due to the alkaline and 
>t mild Gl protective effect of the strontium ion. 



35 



Accordingly, the invention relates to a method comprising administering an amount of 
strontium and an amount of a bisphosphonate to a subject in need thereof. 
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As mentioned above, it may be possible to use smaller doses of a bisphosphonate, when 
administered together with strontium. Thus, the invention relates to a method, wherein the 
amount of a bisphosphonate administered may correspond to 100% or less of RDD, such 
as, e.g, 90% or less, 80% or less, 75% or less, 70% or less, 65% or less, 60% or less, 
5 55% or less, 50% or less, 45% or less, 40% or less, 35% or less, 30% or less, 25% or 
less, 20% or less, 1 5% or iess, 1 0% or less, or 5% or less. 

The RDD, recommended dally dose, depends on the specific bisphosphonate used. 
Examples of specific bisphosphonates and their RDD are e.g. di-sodlum etidronate, where 

10 400 mg p.o. is administered daily for 14 days, followed by 500 mg Ca daily for 76 days, 
after which the cycle is repeated. Other examples are alendronate, where a dose of 5-10 
mg p.o. is administered daily, or 70 mg p.o. once weekly, risedronate sodium, which is 
administered as 35 mg p.o. once weekly, ibandronate which is administered as 2.5 mg 
daily and zoiedronate, which is given as an l.v. Infusion one to four times per year , the 

1 S annual dose being from about 1 to 4 mg. 

In a method according to the invention, the administration of the strontium component and 
bisphosphonate may take place simultaneously, either in a single administration fortn or in 
separate administration forms for simultaneous administration. 

20 

In another method according to the invention, the strontium component and 
bisphosphonate may be administered sequentially. 

Calcitonin 

25 A further example of an active component to be administered as part of the same 
treatment as strontium, is calcitonin. Human calcitonin is a 32 amino acid peptide 
hormone, mainly synthesized In the parafollicular C cells of the thyroid gland. Calcitonin 
reduces the plasma concentration of calcium, primarily via effects on the osteoclasts. The 
immediate effect is to decrease the absorptive, and probably also the osteolytic effects of 

30 osteoclasts, leading to an increased incorporation of calcium (Ca 2 *) Into bone tissue. The 
more prolonged effect of calcitonin is to decrease the formation of new osteoclasts, with a 
secondary reduction in osteoblastic activity. Calcitonin may also have physiological 
importance In certain extraskeletai systems (e.g. gastrointestinal and renal function). 
Calcitonin of salmon origin (salmon calcitonin) has a greater affinity to human receptor 

35 binding sites than calcitonin from mammalian species, including synthetic human 
calcitonin. It is produced in the ultimobranchial gland of the fish. Calcitonin from any 
species consists of 32 amino acid polypeptides in a single chain, with a ring of seven 
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amino acid residues at the N-terminus. The sequence of these seven amino acid residues 
differs from species to species. 

Thus, the invention relates to a method comprising administering an amount of strontium 
5 and an amount of calcitonin to a subject in need thereof. 

By administering strontium and calcium together it may be possible to use smaller doses 
of calcitonin. Thus, the present invention relates to a method wherein the amount of 
calcitonin administered may correspond to 100% or less of RDD, such as, e.g. 90% or 
10 less, 80% or less, 75% or less, 70% or less, 65% or less, 60% or less, 55% or less, 50% 
or less, 45% or less, 40% or less, 35% or less, 30% or less, 25% or less, 20% or less, 
15% or less, 10% or less, or 5% or less. 

The RDD of calcitonin depends on the specific compound used. For synthetic calcitonin 
IS from salmon, either 200 IU daily intranasally, or 100 IU injected i.m. or s.c. once a day, 
once every other day, or 3 times a week should be administered. 

In a method according to the invention, the administration of the strontium component and 

■ 

calcitonin may take place simultaneously, either in a single administration form or In 
20 separate administration forms for simultaneous administration. 

In another method according to the invention, the strontium component and calcitonin may 
be administered sequentially. 

25 SERMs 

Other active substances that might be beneficial to administer together with strontium for 
the prophylaxis and/or treatment of the diseases mentioned above are the selective 
estrogen receptor modulators, SERMs. These compounds exert selective agonist or 
antagonist effects on various estrogen target tissues, as opposed to estrogens, which 
30 uniformly act as agonists, and anti-estrogens, which are uniformly antagonists. The 
rationale behind the SERMs is to retain the beneficial effects of estrogen, such as the 
positive effects on bone tissue (increased bone mineral density and reduced risk of 
osteoporosis and fracture), at the same time eliminating, or even counteracting adverse 
effects of estrogens, e.g. reducing the risk of breast cancer. 

35 

One of the beneficial effects of administering strontium and one or more SERM's together 
as part of the same treatment may be that smaller amounts of the relevant SERM(s) are 
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needed. Thus, in one method aooording to the invention, the amount of the selective 
estrogen receptor modulator administered may correspond to 100% or less of RDD, such 
as, e.g., 90% or less, 80% or less, 75% or less, 70% or less, 65% or less, 60% or less, 
55% or less, 50% or less, 45% or less, 40% or less, 35% or less, 30% or less, 25% or 
5 less, 20% or less, 15% or less, 10% or less, or 5% or less. 

Such a combination treatment would retain the desired full antlresorptive effect bone 
protective effects of each individual therapeutic component, while providing the added 
benefits of the SERM components) on estrogen responsive tissues such as the central 
0 nerveous system or the cardiovascular system and the added benefits of the strontium 
compound, such as reduced Gl adverse events and possible beneficial effects on the 
structural integrity of articularcartllage. 

The RDD depends on the specific SERM used. Examples are raloxifene, which may be 
5 given as 56 mg - 60 mg p.o. once daily, tamoxifen, which may be administered as 20-30 
(20-40) mg/day p.o., toremlfene, which may be administered as 60 mg/day p.o., 
lasofoxifene, which may be given as 0.25-0.5 mg/day p.o., ospemifene, which may be 
given as 60-90 mg/day p.o., bazedoxifene, arzoxifene and levormeloxifene. Other suitable 
examples on specific SERMs are arzoxifene, droloxifene, 4-hydroxy-tamoxifen, 4'- 
0 iodotamoxifen, (deaminohydroxy)-toremifene, chlomiphene, ormeloxifene, chroman 
derivatives, coumarin derivatives, idoxifene, nafoxidine, TAT-59, LY-353381, CP-336156, 
MDL-103323, EM-800, ICI-182,IC1 183,780, ICI 164,384, IC1 183,780, IC1 164,384, 
diethylstilbesterol, genistein, nafoxidine, nitromifene citrate, moxesterol, diphenol 
hydrochrysene, erythro-MEA, allenolic acid, equiiln-3-sutphate, cyclophenyl, 
5 chlorotrlanlsene, ethamoxytriphetol, genistein, tibolone, tesmilifene, droloxifene, 
panomifene, zindoxifene, meproxifene and faslodex. 

In a method according to the invention, the administration of the strontium component and 
a SERM may take place simultaneously, either in a single administration form or in 
0 separate administration forms for simultaneous administration. 

In another method according to the' Invention, the strontium component and a SERM may 
be administered sequentially. 



Other aspects of the invention 

Another active substance to add in combination with strontium may be a tissue-specific 
synthetic steroid analog (a selective tissue estrogenic activity regulator - STEAR), such 
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as e.q. tibolone, which may be administered as 1.25-2.5 mg once daily. 

■ 

Another example of active substances to be included In a combination treatment with 
strontium according to the invention is glucosamine sulphate and/or other glucosamine 
5 containing substances. Glucosamine sulphate has In several clinical trials been 
documented to have a chondro-protecfive property and is currently used in the clinical 
management of osteoarthritis and other diseases affecting metabolism and/or structural 
integrity of articular joints. 

- 

1 0 Another example of an active substance according to the invention to be included in a 
combination therapy is glucagon like peptide 2 (GLP-2). This is a naturally occurring 
hormone that serves as an endocrine regulator of bone metabolism. GLP-2 is produced 
by the intestine following food Intake, and serves to down regulate bone resorption. Thus 
It has been shown that GLP-2 can be used as an anti-resorptive agent Co-administration 

1 5 of one or more strontium salts and GLP-2 in either full length or truncated form may 
provide a synergistic effect enabling a reduction in the doses required of each 
pharmaceutically active component. 

All the active substances mentioned for administration as part of the same treatment as 

* * 

20 strontium may of course be administered as part of the same treatment, i.e. one method 
according to the invention relates to the administration of strontium and calcium and 
vitamin D as part of the same treatment, and another method relates to the administration 
of strontium and calcium and a bisphosphonate etc. 

25 In a specific example, calcium and vitamin D may be administered simultaneously at least 
1 h, such as, e.g., at least 2 h, at least 3 h, at least 4 h, at least 5 h, at least 6 h, at least 7 
h, at least 8 h, at least 9 h, at least 10 h, at least 1 1 h or at least 12 h before the 
simultaneously administration of a strontium component and vitamin D. 

30 In another example, calcium and vitamin D may be administered simultaneously in the 
morning, and a strontium component and vitamin D may be administered simultaneously 
in the evening. 

In another example, calcium and vitamin D may be administered simultaneously in the 
35 morning, and a strontium component may be administered In the evening. 

In a further embodiment, calcitonin may be administered simultaneously with calcium, and 



WO 2004/098618 PCT/DK2004/000327 

25 

the strontium component may be administered at least 1 h, such as, e.g., at least 2 h, at 
least 3 h, at least 4 h, at least 5 h, at least 6 h, at least 7 h, at least 8 h, at least 9 h, at 
least 10 h, at least 1 1 h or at least 12 h before or after the administration of calcitonin and 
calcium. 

5 

The invention also relates to the use of a strontium-containing compound together with 
one or more further active substances capable of reducing the incidence of bone fracture 
and/or Increasing bone density and/or Improving healing of fractured bone and/or 
Improving bone quality as described above, for the manufacture of a medicament for the 
1 0 prophylaxis and/or treatment of a cartilage and/or bone disease. The medicament may 
comprise a concentration of a) and b) that is effective in preventing and/or treating a 
cartilage and/or bone disease. 

The invention also relates to the use of a strontium-containing compound together with 
IS one or more further active substances as described above, wherein the prophylaxis and/or 
treatment leads to at least one of the following: 

i) Improvement of bioavailability of a) and/or b) compared with administration of a) alone 
or b) alone in the same doses, 

20 

ii) improvement of pharmacokinetic parameters of a) and/or b) compared with 
administration of a) alone or b) alone In the same doses, 

ill) reduction of frequency and/or magnitude of side-effects of a) and/or b) oompared with 
25 administration of a) alone or b) alone in the same doses, 

iv) obtaining an additive or synergistic effect of a) and b) compared with administration of 
a) alone or b) alone in the same doses, 

30 v) reduction of daily dose of a) and/or b) compared with RDD for a) alone or b) alone in 
the same doses to obtain a prophylactic and/or therapeutic effect. 

The medicament may be comprised of one or more containers for simultaneous or 
sequential administration of the strontium-containing compound, and the one or more 
3 5 further active substances. 
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As mentioned above, use of a composition or kit according to the invention may lead to 
improved fracture healing after traumatic or atraumatic fracture, where the fracture e.g. 
may be one of the following traumatic or atraumatic fractures: fracture to the distal radius, 
such as e.g. a Colle's fracture or a Smiths fracture, a fracture of the femur, such as e.g. 
5 the proximal femur, such as e.g. a cervical fracture, a trochanteric fracture or a 
subtrochanteric fracture. 

The improved fracture healing may be defined in terms of reduction of the time a patient 
will require a plaster, reduction of the time to healing as defined on a X-ray, reduction in 
10 the time to fracture stability, improvement of callus formation as viewed by X-ray, 
reduction in time before appearance of callus formation as viewed by X-ray and/or 
reduction in time for regaining full or near-full mobility or physical activity level. 

Other embodiments of the invention appear from the appended claims. The details and 
15 particulars described above and below and relating to the compounds and compositions 
according to the invention apply mutatis mutandis to the other aspects of the invention. 

Pharmaceutical compositions 

m 

The invention also relates to a pharmaceutical composition comprising a) a strontium- 
20 containing compound and b) one or more further active substances capable of reducing 
the incidence of bone fracture and/or increasing bone density and/or Improving healing of 
fractured bone, together with one or more physiologically acceptable exciplents, wherein 
the strontium compound a) and the one or more active substances b) may be chosen 
among the compounds and substances mentioned above. 

25 

The physiologically acceptable exciplents may be a therapeutically inert substance or 
carrier. 

The carrier may take a wide variety of forms depending on the desired dosage form and 
30 administration route. 

The pharmaceutical^ acceptable excipients may also be e.g. fillers, binders, disintegrants, 
diluents, glldants, solvents, emulsifying agents, suspending agents, stabilizers, 
enhancers, flavors, colors, pH adjusting agents, retarding agents, wetting agents, surface 
35 active agents, preservatives, antioxidants etc. Details can be found in pharmaceutical 
handbooks such as, e.g., Remington's Pharmaceutical Science or Pharmaceutical 
Exclpient Handbook. 
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Above are mentioned specific examples of the amounts of compounds administered. 
However, It will be understood that the amount of the compounds actually administered 
will be determined by a physician in light of the relevant circumstances including the 
5 condition to be treated, the choice of compounds to be administered, the age, weight, and 
response of the individual patient, the severity of the patient's symptoms and the chosen 
route of administration. While the present compounds are preferably administered orally, 
the compounds may also be administered by any other suitable route. 

10 The pharmaceutical composition comprising a compound according to the invention may 
be in the form of a solid, semi-solid or fluid composition. 

The solid composition may be In the form of tablets such as, e.g. conventional tablets, 
effervescent tablets, coated tablets, melt tablets or sublingual tablets, pellets, powders, 

1 5 granules, granulates, particulate material, solid dispersions or solid solutions. 

In one embodiment of the invention, the pharmaceutical composition may be in the form of 
a tablet The tablet may be coated with a coating that enables release of at least part of 
the salt in the proximal part of the small Intestine, such as e.g. the duodenum and/or the 
proximal Jejunum such as at least 60% w/w, at least 60% w/w, at least 65% w/w, at least 

20 70% w/w, at least 80% w/w or at least 90% wAv of the total amount of the salt contained in 
the tablet. 

The tablet may have a shape that makes it easy and convenient for a patient to swallow. 
The tablet may thus e.g. have a rounded or a rod-like shape without any sharp edges. 
25 Furthermore, the tablet may be designed to be divided in two or more parts. 

A semi-solid form of the composition may be a paste, a gel or a hydrogel. 

The fluid form of the composition may be a solution, an emulsion including nano- 
30 emulsions, a suspension, a dispersion, a liposomal composition, a spray, a mixture, a 
syrup or an elixir. 

Other suitable dosages forms of the pharmaceutical compositions according to the 
invention may be capsules, sachets, troches, devices etc. 

35 

The pharmaceutical compositions may be prepared by any of the methods well known to 
a person skilled in pharmaceutical formulation e.g. with reference to a standard textbook 
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or handbook within the pharmaceutical field such as Remington's Pharmaceutical Science 
or Handbook of Pharmaceutical Exciplents. 

Legends to figure 

5 

Figure 1 : D iff ractog rams of the x-ray analysis of two strontium salts. The top diffractogram 
shows Strontium glutamate hexahydrate, as synthesised by strontium hydroxide and L- 
glutamic acid at high temperature but using the reaction conditions described In example 
2. 

« 

10 

Examples 
Example 1 

General method for preparation of crystalline salts of strontium by precipitation 
from dissolved strontium chloride and dissolved sodium salts of the appropriate 
15 carboxylic anions 

In a glass-beaker of 100 mL volume, 5 g of the sodium salt of the carboxylic acid was 
dissolved in a small volume of water that was slightly heated at temperatures not greater 
than 30-50 °C. The final volume was 25-50 mL. In another beaker 10 g of SrCI 2 (SrCI 2 

20 hexahydrate, Sigma-Aldrich 43,966-5) was dissolved in 1 00 mL of water. This latter 
solution was slowly decanted Into the first solution of the dissolved sodium salt. The 
transfer continued until an initial cloudiness was observed, which resulted in a total 
volume of 50-100 mL. The solution was allowed to rest at room temperature (22-24 °C) for 
several days until significant amounts of crystallized precipitate of the organic strontium 

25 salt appeared. 

The reaction that proceeds is exemplified by the reaction between strontium ions and 
sodium fumarate (reaction schemes (a) and (b)): 

3Q NaOOCCHCHCOONa{s)+ H 2 0(f) ~> ^ 
-OOCCHCHCOOH{aq) + 2Na+ (aq) + OH" (aq) 

~OOCCHCHCOOH(aq)+ Sr 2 +(aq)-> Sr(OOCCHCHCOO\aq)^ H+(aq) (b) 

In order to accelerate the crystallisation, we have found that addition of small volumes of 
ethanol, such as from 5-10 vol/vol % to 50 - 60 % vol/vol induces a significant 
35 acceleration of the precipitation of the desired strontium salt. Addition of ethanol is of 
special Importance in the synthesis of strontium salts with solubility exceeding 2 g/l at 
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room temperature (22-24 p C) f and will thus provide a substantial benefit for the synthesis 
of strontium salts of L-aspartate, L-glutamate and lactate. In order to reach the required 
product within a short period, it was essential to observe an initial crystallisation or an 
initial dimness in the solution right from the first stage. 

5 

After the precipitation, the solution was filtered on a BQchner funnel using a suction flask 
and the crystals were flushed in small volumes of ethanoL Crystals of some of the salts 
were very soluble, so in order to improve the yield of crystals, the solution was allowed to 
rest longer, such as at least 30 - 60 min. Repeated crystallisation resulted In yields of 
10 approx. 50%. Strontium salts of L-aspartate and of lactate were very soluble, with 
solubility exceeding 25 g/l in water at room temperature. 

The lactate and L-glutamate salts of strontium were precipitated from solutions with an 
excess of strontium chloride and large crystals of the lactate salt were achieved by slow 
1 5 evaporation of the solvent. 

Example 2 

General method for preparation of crystalline salts by neutralisation of carboxylic 
acids with strontium hydroxide 

20 A small amount of the organic acid proper (0.75 - 3 g, see table below) was dissolved in 
water by heating to temperatures between 30°C - 50 °C, Then, strontium hydroxide 
(Sigma Aldrich, Sr(OH) 2 *8H 2 0, MW 265.71, CAS no. 1311-10-0, approx. 10g/L)was 
slowly added. Then, a magnetic stirring rod was added and the stirring and gentle heating 
(I.e. 30 - 50°C) of the suspension was started. After some time, the solution clarifies and 

25 all the solid material dissolves. The heating Is maintained, and after three hours of 
incubation, the solution is filtered while hot on a BOchner funnel. Very small amounts of 
Impurities were left In the filter. 

The filtrate was subsequently allowed to cool at room temperature overnight, which 
30 resulted In growth of fine-powdered crystals of the desired strontium salt Further 



purifications of the salts can be performed by repeated re-crystalllzations (table 2). 



| Strontium salt of 
| (free acid used): 


Sr(OH)2 
*8H 2 0 


Free 
acid 


Amount 
obtained 


Recovery* 


Melting 
Temp. 


Solubility 


Crystal 
structure 


I Fumarate 1 


2.044 g 


1.140 g 


0.999 g 


99% 


>380°C 


Yes 


No 


a-ketoglutarate 2 


2.017 g 


1.441 g 


0.828 g 


72% 


« 

>380*C 


Yes 


No 


succinate 


2.098 g 


1.177 g 


0.958 g 


92% 


230°C 


Yes 


Yes 
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L-Ascorbate 3 


2.094 g 


1.805 g 


2.005 g 


15% 


>380°C 


Yes 


No | 


L-Glutamate 


Z017g 


1.453 g 


0.1750 


15% 


>380 Q 0 


Yes 


Yes J 




Citrate 


2.057 g 


1.918 g 


1.123 g 


48% 


>380°C 


Yes 


Yes J 


^Aspartate 


Z190g 


1.316 g 


0.167 g 


14% 


>380°C 


No 


No 


j Tartrate 


2.070 g 


1.502 g 


2.005 g 


129% 


>380°C 


Yes 


Yes I 



Table 2: Amounts of start reagent used for organic strontium salt synthesis and recoveries 
in the synthesis of eight specific organic strontium salts following the general reaction 
pathway with free-acid forms of the anion, and strontium hydroxide 

5 

Notes 

*) Recovery calculated in % of the strontium content in Sr(OH) 2 *8H 2 0. 
1) Fumaric acid is insoluble in water, and ethanol is added to the suspension until 
complete solubilization Is achieved. The synthesis Is continued with this material. 
10 2) the strontium-AKG salts has a slight brownish appearance 

3) In addition to the indicated amounts of strontium hydroxides and L-ascorbate an 
additional 4.087g SrCVGHzO solubilized in water is added to the reaction mixture. 

Example 3 

1 5 Determinations of solubility of organic strontium salts 

Synthesis of strontium salts 

The great majority of strontium salts could be obtained by reacting the sodium salt of the 
organic acid with strontium chloride following the general synthesis method described in 
example A. However, strontium citrate, strontium tartrate, strontium succinate and 

20 strontium oc-ketoglutarate for the solubility investigations was obtained by synthesis from 
the free acid forms of the carboxylic acid and strontium hydroxide as described in example 
2. Strontium glutamate was obtained as described in example 4, using an incubation 
temperature of 100°C and using strontium chloride and L-glutamic acid for the synthesis 
for obtaining pure and homogeneous hexahydrate crystals of strontium glutamate. As 

25 described In example 4 the strontium glutamate salt obtained by this method is distinct 
from a previously described form of crystalline strontium L-glutamate. Detailed 
investigations of solubility were carried with the strontium salts listed In table 3: 

!'! _ 



| Strontium salt 


MW 


% Sr I 


I Sr-ranelate (*7H 2 0) 


639.6 


27.4 


SrCfc (*6H20) 


266.6 


32.9 


Sr-fumarate (*6H 2 0) 


309.7 


28.3 


I Sr-L-glutamate (*6H 2 0) 


340.7 


25.7 



B00027340 
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339.7 


25.8 I 


Sr-asDartate (*3H 2 0) 


272.7 


32.1 


Sr-succlnate (*6H 2 0) 


311.7 


28.1 


Sr-ascorbate P6H2O) 


545.8 


16.1 


Sr-malenate (*6RjO) 


309.7 


28.3 


Sr-malonate (*1H 2 Q) 


207.7 


423 


Sr-pvruvate (*6H20) 


369.7 


23.7 


Sr-tartrate (*6H20) 


343.7 


25.5 


Sr-citrate r8H ? 0) 


749.1 


35.1 



Table 3: Overview of strontium salts used In investigation of solubility. MW Indicates the 
molecular weight of the homogeneous crystalline form of the salt with the indicated 
amount of crystal water and % Sr gives the molar percentage that strontium constitutes Of 
5 this crystalline form 



The solubility of the organic carboxylic add strontium salts, were measured in water. The 
solubility of these salts was also measured as a function of temperature. This was 
performed by incubating the saturated solutions of the salts in temperature controlled 
10 Incubators. Furthermore, the solubility of the salts was studied in pure distilled water as 
well as a 0.05 M ammonium carbonate buffered solutions, with a physiological pH of 7.5. 

The buffered solutions were immersed into a bath of water temperature controlled at 
either room temperature (22 - 24 °C), at 30 °C or at 40 °C. The test tubes were stirred and 

1 5 the solutions were subsequently incubated in an Incubator with constant temperature for 
24 hours. In order to eliminate any reminiscent strontium chloride influence on the 
determination of solubility, all the precipitate was collected at the bottom of the test tubes 
and the solutions above the precipitate were carefully removed and substituted by fresh 
solutions. After substitution of the solutions, the test tubes were stirred again and allowed 

20 to rest for another 24 hours. From these solutions, the dissolved proportions of the 
strontium salt were collected In volumes of 1 mL at the specified temperature. The 
solutions were diluted to 50 mL before analysis by Flame Atomic Absorption Spectrometry 
(F-AAS). Before subsequent series of sampling, the solutions were equilibrated at the next 
temperature for 24 hours. 

25 

Analysis of Strontium by flame atomic absorption spectrometry F-AAS 
Two methods were used for quantification of strontium in solutions: Flame Atomic 
Absorption Spectrometry (F-AAS), and the more sensitive inducfively-coupled-piasma- 
mass spectrometry (ICP-MS). For most investigations, the F-AAS method had sufficient 
30 sensitivity. 
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Prior to analysis of the synthesized organic strontium salts, the water solubility of some 
commercially available strontium salts were determined by the F-AAS method to verify the 
precision of the measurements and compare the obtained results with reference values 
5 for solubility of the salts. The following strontium salts were obtained: Sr- Oxalate (Aldrich 
57,416-3) SrS0 4 (Aldrich 45,129-0) SrHP0 4 (Aldrich 48,042-2) and SrCl 2 (Aldrich 43,Q66- 
5). The solubilities were Investigated as described above, and strontium content in the 
saturated solutions determined as described here below. 

1 0 Some of the very soluble strontium salts were further diluted before analysis by F-AAS. 
The measurements were performed by using a Peridn-Elmer 2100 equipped with a 
hydrogen lamp for correction of the background signal. Strontium was measured at a slit 
with of 0.2 nm, the wavelength was 460.8 nm operated at an energy of 58 and a current of 
8mA. 

15 

Solutions with very low strontium content (i.e. from the analysis of solubility of strontium 
carbonate) were analyzed by the inductively couples plasma - mass spectrometry (ICP- 
MS) method. This analysis was performed using a PerMn Elmer Elan 5000 system 
equipped with a cross-flow nebulizer. The power was set at 1000 W and the Argon-gas 
20 flow was 12 L/min and 0.8 L/min of the torch and plasma gas, respectively. 

The solubility determined for the commercially available strontium salts were in good 
agreement with the reference values. For most investigations, the F-AAS method had 
sufficient sensitivity. Table 4 presents solubilities of strontium chloride, phosphate, 

25 carbonate, oxalate and sulphate in water at 22°C. It is apparent that the experimentally 
determined values are in agreement with the reference values quoted for these salts. The 
major deviation between reference values and the experiment was obtained for strontium 
chloride where a lower solubility was obtained and for strontium carbonate where a 
significantly higher solubility was found. Since the solubility of strontium carbonate is very 

30 low, it was necessary to apply ICP-MS to the determination of the content of Sr in the 
supernatants from these experiments. Furthermore, the solubility of this salt will be 
dependent on the content of carbon dioxide in the ambient air, which was not controlled in 
the present experiment, providing one possible explanation for the discrepancies between 
the determined solubility and the reference value. 

35 
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SrHPOs 


F-AAS 


0.5 




SrS0 4 


F-AAS 


0.1 


0.1 


SrC 2 0 4 


F-AAS 


0.05 


0.05 


SrC0 3 


ICP-MS 


0.00009 


0.011 



Table 4: Solubility of commercially available strontium salts in water at room temperature 
(22 - 24°) determined as described in example 3. Expected values refers to values quoted 
in scientific literature or reference material such as the 'Beilstein compendium 1 . 



5 

Temperature and pH Influence on organic strontium salt solubility 
For the majority of the organic strontium salts listed in table 2, temperature changes in the 
interval from 20 - 40 °C had only little influence on solubility (table 5). However, for 
strontium t-glutamate a significant Influence of temperature on solubility was observed in 
10 the range between 20 °C and 40 °C. The solubility of this salt increased more than three- 
fold In the investigated interval in contrast to most other salts. It is noted, that the solubility 
under physiological conditions (37 °C), is of relevance for the pharmaceutical use of the 
substances, and thus the surprising increase in strontium glutamate solubility at higher 
temperature may have great potential therapeutic implications. 

The solubility of the strontium salts in an ammonium carbonate buffered solution of pH 
7.5. was generally higher than the solubility determined in pure water (table 5). However, 
there were some notable exceptions, such as strontium maleate which had decreased 
solubility in the buffered solution. Accordingly, it was found most relevant to compare the 
20 solubility of the strontium salts by comparing the values obtained In water, as shown in 
tables. 



Relative solubility 

The water-solubilities of the organic strontium salts at room temperature and at 40°C, are 
25 listed in table 5. The strontium salts of L-aspartate and of lactate had solubilities 
exceeding 50 g/I hampering exact determination of solubility with the employed 
experimental procedures. 

The results correspond to the observations during the synthesis experiments where the 

» 

citrate, the fumerate and the tartrate precipitated instantly when synthesized by the 
30 production procedures described in examples 1 and 2. This is indicative of a poor 
solubility of these strontium salts, as apparent by the lower solubility of these salts 
compared to the other organic strontium salts at both 22 °C and 40 °C. 
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The glutamate salt showed a higher solubility than the other salts, especially at a 
temperature of 40 e C. During the synthesis of this salt, it was necessary to add alcohol to 
the solution, to initiate crystal growth. Indicative of relatively high water solubility. The 
other studied strontium salts only precipitated after evaporation of the solvent for a few 
days at room temperature, but addition of alcohol was not required to initiate crystal 
formation and precipitation. 



STRONTIUM 
SALT 
Anion 



SOLUBILITY AT ROOM 
TEMPERATURE (22 - 24°C) (mg/L) 




SOLUBILITY AT 40°C (mg/L) 



Table 5. Relative solubility in water buffered solutions at pH 7.5 at 40°C and room 
1 0 temperature (22 - 24°C) of the investigated Strontium-salts, as determined by F-AAS. 

*) Mono-carbqxylic acid 
**) Dl-carboxylic acid 
***) Tri-carboxylic acid 
1 5 ****) Quattro-carboxylic acid 

Example 4 

Preparation of strontium glutamate hexahydrate by synthesis at 100°C 

Initially, a suspension of glutamic acid (white colored) is prepared by adding 100 mL of 
20 millipore water to 14.703 g (0.1 moles) of solid L-glutamic acid (Sigma Aldrich, CaH 0 NO 4f 
MW 187.14 g/mole, CAS no. 142-47-2, lot no. 426560/1 , filling code 43003336) in a 250 
mL beaker. To this suspension was added 26.66 g (0.1 moles) of solid SrCI 2 (SrCI 2 
hexahydrate, SIgma-Aidrich 43,966-5, MW 266.6). Then, a magnetic stirring rod was 
added and the stirring and heating was started to the point of boiling of the suspension. 
25 The final suspension is also white colored and the stirring is sustained by maintaining a 
medium rotation rate of the stirring apparatus. In order to prevent carbon dioxide from 
entering the solution, the beaker was covered by a covering glass. 
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After some minutes of boiling and stirring, the solution clarified and all the solid material 
dissolved. The boiling was maintained, and additional water was added when required, as 
to replace the water lost by boiling. After three hours of boiling, the solution was filtered 
while boiling on a BQchner funnel. Very small amounts of impurities were left In the filter. 

5 The filtrate was subsequently allowed to cool to room temperature, which resulted in 
growth of fine-powdered crystals of strontium glutamate hexahydrate. Precipitation of the 
final product progressed In the filtrate within an hour. The product was filtered and dried at 
1 1 0 °C in an oven for % hour followed by drying 1 2 hours in a desslcator over silica 
orange. Before analysis by x-ray crystallography and by FAAS, the salts were ground to 

10 fine powder by a mortar. 

The X-ray crystalographic analysis (figure 1) revealed that the synthesized strontium 
glutamate salt was distinct from the previously described strontium L-glutamate 
hexahydrate salt (H. Schmldbaur, I. Bach, L. Wilkinson & G. MGIIer (1989), Chem Ber. 
15 122; 1433-1438) This salt and the resulting diffractogram corresponds to the strontium L- 
glutamate hexahydrate salt previously described (H. Schmidbaur, I. Bach, L. Wilkinson & 
G. MQIIer (1989), Chem Ber. 122; 1433-1438). The lower trace shows a strontium 
glutamate hexahydrate salt synthesized from strontium chloride and L-gtutamic acid as 
disclosed in the present example. . 

20 

The total yield of strontium glutamate hexahydrate was approximately 92% before 
recrystallisation, and the majority of Impurities consisted of reminisces of the reagents and 
of strontium carbonate. This yield is significantly higher than the yield obtained by 
synthesis under conventional conditions where only 15 % was obtained (please see 

25 example 2). Thus, the high temperature synthesis method as disclosed in this patent 
provides a significant gain in yield and a reduction in synthesis time, while resulting in a 
strontium glutamate salt of higher purity. Furthermore, the strontium glutamate obtained 
by this synthesis procedure was distinct from the strontium L-glutamate hexahydrate salt 
previously described (H. Schmidbaur, I. Bach, L Wilkinson & G. MQIIer (1989), Chem Ber. 

30 122; 1433-1438). The strontium glutamate hexahydrate described previously in the 

literature by Schmidbaur at al was reported to have very low solubility (0.023 g/l), whereas 
the strontium glutamate salt prepared by the method disclosed in the present example 

4 • 

had a solubility above 2 g/l. This later parameter is very Important for potential medical 
use of the strontium salt as described in the present invention. 

35 

Further improvements of the synthesis may include degassing by nitrogen or by argon of 
the water and of all aqueous solutions, which prevents contact to carbon dioxide that 
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eventually may lead to formation of Impurities of strontium carbonate. It follows that a 
person skilled in the art will easily be able to adapt the procedure to proceed under an 
inert gas atmosphere. 

5 Example S 

Preparation of strontium aspartate trlhydrate by synthesis at 100 °C 

Initially, a suspension of aspartic acid (white colored) is prepared by adding 100 mL of 
miillpore water to 13.311 g (0.1 moles) of solid L-aspartic acid (Fluka, CsHqNO* MW 
133.11 g/mole, CAS no. 56-84-8, lot no. 432866/1, filling code 52603495) in a 250 mL 

10 beaker. To this suspension was added 26.571 g (0.1 moles) of solid strontium hydroxide 
(Sigma Aldrlch, Sr(OH) 2 *8H 2 0, MW 265.71. CAS no. 131 1-10-0). Then, a magnetic 
stirring rod was added and the stirring and heating was started to the point of boiling of the 
suspension. The final suspension is also white colored and the stirring is sustained by 
maintaining a medium rotation rate of the stirring apparatus, in order to prevent carbon 

15 dioxide from entering the solution, the beaker was covered by a covering glass. 

After some minutes of boiling and stirring, the solution clarified and ail the solid material 
dissolved. The boiling was maintained, and additional water was added when required, as 
to replace the water lost by boiling. After three hours of boiling, the solution was filtered 
20 while boiling on a BOchner funnel. Very small amounts of impurities were left in the filter. 
The filtrate was subsequently allowed to cool to room temperature, which resulted in 

♦ 

growth of fine-powdered crystals of strontium aspartate trihydrate. Precipitation of the final 
product progressed in the filtrate within an hour. The product was filtered and dried at 1 1 0 
°C in an oven for % hour followed by drying 12 hours in a dessicator over silica orange. 
25 Before analysis by x-ray crystallography and by FAAS, the salts were ground to fine 
powder by a mortar. 

The total yield of strontium aspartate trihydrate was approximately 98% before 
recrystallisation, and the majority of impurities consisted of reminisces of the reagents and 

30 of strontium carbonate. This yield is significantly higher than the yield obtained by 
synthesis under conventional conditions where only 14 % was obtained (please see 
example B). Thus the high temperature synthesis method as disclosed in this patent 
provides a significant gain in yield and a reduction in synthesis time, while resulting In a 
strontium aspartate salt of higher purity. The product was unambiguously identified as 

35 strontium aspartate trihydrate by x-ray crystallography and comparing the data to results 
of the Cambridge Crystallographlc Database and information from H. Schmidbaur, P. 
Mikulcik & G. MOIIer (1990), Chem Ber. 123; 1599-1602. 
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Further improvements of the synthesis may Include degassing by nitrogen or by argon of 
the water and of all aqueous solutions, which prevents contact to carbon dioxide that 
eventually may lead to formation of impurities of strontium carbonate. It follows that a 
5 person skilled in the art will easily be able to adapt the procedure to proceed under an 
Inert gas atmosphere. 

Example 6 

Preparation of strontium malonate monohydrate by synthesis at 100 °C 

1 0 Initially, a suspension of malonlc acid (white colored) Is prepared by adding 1 00 mL of 
milllpore water to 10.406 g (0.1 moles) of solid malonlc acid (Fluka, , MW 104.08 g/mole, 
CAS no. 141-82-2, lot. no. 449503/1 , filling code 44903076) in a 250 mL beaker. To this 
suspension was added 26.571 g (0.1 moles) of solid strontium hydroxide (Sigma Aldrich, 
Sr(OH) 2 *8H 2 0, MW 265.71, CAS no. 1311-10-0). Then, a magnetic stirring rod was added 

15 and the stirring and heating was started to the point of boiling of the suspension. The final 
suspension is also white colored and the stirring was sustained by maintaining a medium 
rotation rate of the stirring apparatus. In order to prevent carbon dioxide from entering the 
solution, the beaker was covered by a covering glass. 

20 After some minutes of boiling and stirring, the solution clarified and all the solid material 
dissolved. The boiling was maintained, and additional water was added when required, as 
to replace the water lost by boiling. After three hours of boiling, the solution was filtered 
while boiling on a BOchner funnel. Very small amounts of impurities were left in the filter. 
The filtrate was subsequently allowed to cool to room temperature, which resulted In 

25 growth of fine-powdered crystals of strontium malonate. Precipitation of the final product 
progressed rapidly during filtration and the majority of the product was found In the filter 
(unheated). Only In rare instants, the precipitation progressed in the filtrate. The product 
was filtered and dried at 1 10 °C in <?n oven for Vz hour followed by drying 12 hours In a 
dessicator over silica orange. Before analysis by x-ray crystallography and by FAAS, the 

30 salts were ground to fine powder by a mortar. 

The total yield of strontium malonate was approximately 98% before recrystallisatlon, and 
the majority of impurities consisted of reminisces of the reagents and of strontium 
carbonate. The product was unambiguously identified as strontium malonate by x-ray 
35 crystallography and comparing the data to results of the Cambridge Crystallographic 
Database. 
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Further improvements of the synthesis may include degassing by nitrogen or by argon of 
the water and of all aqueous solutions, which prevents contact to carbon dioxide that 
eventually may lead to formation of impurities of strontium carbonate. It follows that a 
person skilled In the art will easily be able to adapt the procedure to proceed under an 
5 inert gas atmosphere. 
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1 . A method for the treatment and/or prophylaxis of a cartilage and/or bone disease and/or 
conditions resulting In a dysregulatlon of cartilage and/or bone metabolism in a mammal, 

5 such as, e.g., a human female or male adult, adolescent or a child, such as, e.g. , 
osteoporosis, osteoarthritis, osteopetrosis, osteopenia and Pagefs disease, 
hypercalcemia of malignancy, periodontal disease, hyperparathyroidism, periarticular 
erosions in rheumatoid arthritis, osteodystrophy, myositis ossificans, Bechterev/s disease, 
malignant hypercalcemia, osteolytic lesions produced by bone metastasis, bone pain due 

10 to bone metastasis, bone loss due to sex steroid hormone deficiency, bone abnormalities 
due to steroid hormone treatment, bone abnormalities caused by cancer therapeutics, 
osteomalacia, Bechet's disease, hyperostosis, metastatic bone disease, immobilization- 
induced osteopenia or osteoporosis, or glucocortlcoid-induced osteopenia or 
osteoporosis, osteoporosis pseudoglioma syndrome, Idiopathic Juvenile osteoporosis, for 

1 5 the improvement of fracture healing after traumatic or atraumatic fracture, and for the 
maintenance or increase of energy level, for building up or strengthening muscle tissues 
and for weight gain, the method comprising administering to a subject in need thereof a) a 
strontium-containing compound and b) one or more further active substances capable of 
reducing the incidence of bone fracture and/or increasing bone density and/or improving 

20 healing of fractured bone. 

2. A method according to claim 1. wherein a) and b) are administered in amounts that 
render the combination of the two effective in treating a cartilage and/or bone disease. 

25 3. A method according to daim 1 or 2, wherein the administration of a) and b) leads to at 
least one of the following: 

i) improvement of bioavailability of a) and/or b) compared with administration of a) alone 
or b) alone in the same doses, 

30 

II) improvement of pharmacokinetic parameters of a) and/or b) compared with 
administration of a) atone or b) alone in the same doses, 

ill) reduction of frequency and/or magnitude of side-effects of a) and/or b) compared with 
35 administration of a) alone or b) alone in the same doses, 

iv) obtaining an additive or synergistic effect of a) and b) compared with administration of 
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a) alone or b) alone in the same doses, 

v) reduction of daily dose of a) and/or b) compared with RDD for a) alone or b) alone in 
the same doses to obtain a prophylactic and/or therapeutic effect 

5 

4. A method according to any of claims 1 to 3, wherein the administration of a) and b) In 
combination leads to an improvement of bioavailability of a) and/or b) of 10% or more, 
such as, e.g. 15% or more, 20% or more, 25% or more, 30% or more, 40% or more, 50% 
or more, 60% or more, 70% or more or 80% or more, compared with administration of a) 

10 alone or b) alone in the same doses. 

5. A method according to any of claims 1 to 4, wherein the administration of a) and b) in 
combination leads to an Improvement in at least one parameter selected from the group 
consisting of absorption rate, time to reach peak concentration (t^), peak concentration 

15 (en*,*), concentration vs. time curve, distribution volume or distribution to specific tissues, 
rate of metabolism, elimination rate and excretion rate. 

6. A method according to any of claims 1 to 5, wherein the administration of a) and b) in 
combination leads to a reduction of the daily dose of a) and/or b) needed to obtain a 

20 therapeutic or prophylactic effect as compared with the daily dose of a) or b) alone 
needed to obtain the same or almost same effect. 

7. A method according to claim 6, wherein the amount of a) and/or b) administered in 
combination is reduced by 10% or more, such as, e.g., 15 % or more, 20 % or more, 25 % 

25 or more, 30 % or more, 40% or more, 50% or more, 60% or more or 75% or more. 



8. A method according to any of claims 1-7, wherein the administration of A9 and b) in 
combination leads to a reduction in side-effects. 

30 9. A method according to any of claims 1-8, wherein a) and b) is administered as a single 
composition. 

10. A method according to any of claims 1-8, wherein a) and b) is administered as 
separate compositions. 

35 

1 1 . A method according to any of claims 1 -8, wherein the administration of a) and b) takes 
place simultaneously or sequentially. 
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12. A method according to any of claims 1 to 11, wherein the strontium-containing 
compound is selected from the group consisting of strontium salts of an organic or an 
inorganic acid. 

5 

13. A method according to daim 12, wherein the inorganic acid Is selected from the group, 
consisting of hydrofluoric acid, hydrochloric acid, hydrobromic acid, hydrolodlc acid, nitric 
acid, nitrous acid, phosphoric acid, phosphinic acid, phosphonic acid, sulfonic acid, 
sulfuric acid, sulfurous acid, disulfuric acid carbonic acid and boric acid. 

10 

14. A pharmaceutical composition according to claim 1 2, wherein the organic acid Is 
selected from the group consisting of acetic acid, (y-feCOOH, C 3 H 7 COOH, C 4 H 9 COOH, 
(COOHk, CH 2 (COOH) 2 , C 2 H 4 (COOH) 2 , CsHefCOOH)* C 4 H 8 (COOH) 2 , C 3 H 10 (COOH) 2 , 
fumaric acid, maleic acid, malonic acid, lactic acid, citric acid, tartaric acid, oxalic acid, 

15 ascorbic acid, benzoic acid, salicylic acid, phthalic acid, pyruvic acid, L-aspartlc acid, D- 
aspartic acid, carbonic acid, formic acid, methanesulfonlc acid, ethanesulfonic acid, 
benzenesulfonic acid, glucosamine sulphate, L-threonic acid, camphoric acid, gluconic 
acid, L-glutamic acid, D-glutamlc acid, trifluoroacetlc acid and ranelic acid. 

15. A pharmaceutical composition according to any of claims 11-14, wherein the salt is in 
20 hydrate, anhydrous, solvate, polymorphous, amorphous, crystalline, microcrystalllne or 

polymeric form. 

16. A pharmaceutical composition according to any of claims 11-15, wherein the salt is 
water-soluble. 

25 

17. A pharmaceutical composition according to claim 16, wherein the salt has a water 
solubility of at least 1 g/l, such as, e.g., at least 5 g/l, at least 10 g/l, at least 20 g/l, at least 
30 g/l, at least 40 g/l, at least 50 g/l, at least 60 g/l, at least 70 g/l, at least 80 g/l, at least 
90 g/I or at least 1 00 g/l measured at a temperature of 25°C. 

30 

18. A pharmaceutical composition according to any of claims 11-17, wherein the salt is 
selected from the group comprising strontium chloride, strontium chloride hexahydrate, 
strontium citrate, strontium malonate, strontium succinate, strontium fumarate, strontium 
ascorbate, strontium pyruvate, strontium L-glutamate, strontium D-glutamate, strontium L- 

35 aspartate, strontium D-aspartate, strontium tartrate, strontium glutarate, strontium 

maleate, strontium methanesulfonate, strontium benzenesulfonate, and mixtures thereof. 
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19. A pharmaceutical composition according to any of claims 1 1-18, wherein the acid Is a 
monoprotic or a diprotic acid. 

20. A pharmaceutical composition according to any of claims 1 1-19, wherein the salt is 

5 selected from the group consisting of strontium bromide, strontium bromide hexahydrate, 
strontium acetate, strontium carbonate, strontium gluconate, strontium lactate, strontium 
ranelate, and mixtures thereof. 

21 . A method according to any of claims 1-20, the method comprising administering an 
10 amount of strontium and an amount of calcium to a subject in need thereof, wherein the 

weight ratio between the amount of strontium and the amount of calcium Is from about 
0.05 to about 4, such as, e.g., from about 0.06 to about 2 t from about 0.1 to about 2, from 
about 0.15 to about 1 , from about 0.2 to about 1 , from about 0.3 to about 1 , from about 0.5 
to about 1 and from about 0.6 to about 1 . 

15 

22. A method according to claim 21 , wherein the daily dose of strontium Is at least about 
0.01 g, such as, e.g. at least about .0.025 g, at least about 0.050 g, at least about 0.075 g, 
at least about 0.1 g, at least about 0.2 g, at least about 0.3 g, at least about 0.4 g or at 
least about 0.5 g or from about 0.01 to about 2 g such as, e.g., from about 0.1 to about 2 

20 g, from about 0.1 to about 1 g, from about 0.15 to about 0.5 g, from about 0.3 to about 2 g 
or from about 0.3 to about 1 g. 

23. A method according to claim 21 or 22 wherein the daily dose of calcium is at least 
about 0.01 g, such as, e.g. at least about 0.025 g, at least about 0.050 g, at least about 

25 0.075 g, at least about 0.1 g, at least about 0.2 g, at least about 0.3 g, at least about 0.4 g 
or at least about 0.5 g or from about 0.01 to about 2 g such as, e.g., from about 0.1 to 
about 2 g, from about 0.5 to about 2 g, from about 0.5 g to about 1 g, or from about 1 to 
about 1.5 g. 

30 24. A method according to any of claims 21-23, wherein calcium is administered at least 
0.5 h, such as, e.g., at least 1 h, at least 2 h, at least 3 h, at least 4 h, at least 5 h, at least 
6 h, at least 7 h, at least 8 h, at least 9 h, at least 1 0 h, at least 1 1 h or at least 1 2 h after 
the administration of the strontium component. 

35 25. A method according to any of claims 21-23, wherein calcium is administered at least 
0.5 h, such as, e.g., at least 1 h, at least 2 h, at least 3 h, at least 4 h, at least 5 h, at least 
6 h, at least 7 h, at least 8 h, at least 9 h, at least 10 h, at least 11 h or at least 12 h before 
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the administration of the strontium component 

26. A method according to claim 1-25, wherein the method comprising administering an 
amount of strontium and an amount of vitamin D to a subject In need thereof. 

5 

27. A method according to daim 26, wherein the daily dose of strontium Is at least about 
0.01 g, such as, e.g. at least about 0.025 g, at least about 0.050 g, at least about 0.075 g, 
at least about 0.1 g, at least about 0.2 g, at least about 0.3 g, at least about 0.4 g or at 
least about 0.5 g or from about 0.01 to about 2 g such as, e.g., from about 0.1 to about 2 

10 g, from about 0.1 to about 1 g, from about 0.15 to about 0.5 g, from about 0.3 to about 2 g 
or from about 0.3 to about 1 g. 

28. A method according to claim 26 or 27, wherein the vitamin D Is vitamin D 3 and the 
weight ratio between the amount of strontium and the amount of vitamin D is from about 

15 200 to about 2,000,000, such as, e.g., from about 300 to about 1 ,500,000, from about 400 
to about 1 ,000,000, from about 500 to about 750,000, from about 500 to about 500,000. 
from about 500 to about 200,000, from about 1000 to about 100,000, from about 2000 to 
about 60,000, from about 3000 to about 50,000, from about 5000 to about 30,000, from 
about 7500 to about 25,000, from about 10,000 to about 20,000 or from about 1 0,000 to 

20 about 15,000. 

31 . A method according to any of claims 26-28, wherein the daily dose of vitamin D 3 is at 
least about 1 pg, such as. e.g. at least about 1 .25 pg at least about 1 .50 pg, at least about 
2 pg, at least about 3 //g, at least about 4 pg, at least about 5 pg, at least about 1 0 pg, at 
25 least about 1 5 pg, at least about 20 pg, at least about 25 //g, at least about 30 (jg, at least 
about 40 pg or at least about 50 pg or from about 1 ug to about 50 /jg such as, e.g., from 
about 1 .50 pg to about 40 pg, from about 2 pg to about 30 ug, from about 3 //g to about 
30 pg, from about 4 ug to about 30 pg, from about 5 ug to about 30 ug, from about 10 ug 
to about 30 pg, from about 1 0 pg to about 20 pg or from about 1 5 ug to about 25 ug. 

30 

30. A method according to claim 29, wherein the daily dose of vitamin D 3 is from about 5 
ug to about 30 ug, such as, e.g., from about 10 pg to about 20 pg. 

31 . A method according to claim 26 or 27, wherein vitamin D Is vitamin D* and the daily 
35 dose of vitamin D 2 is at least 1 pg, such as, e.g. at least about 1 .50 ug. at least about 2 

ug, at least about 3 pg, at leaslabout 4 pg, at least about 5 pg, at least about 10 pg. at 
least about 1 5 pg, at least about 20 pg, at least about 25 pg, at least about 30 pg, at least 
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about 40 pg, at least about 50 pg, at least about 60 pg, at least about 70 pg, at least 
about 80 jjg, at least about 90 fjg, at least about 1 00 pg, at least about 1 1 0 pg, at least 
about 120 /jg or at least about 125 fjg or from about 1 fjg to about 125 pg such as, e.g., 
from about 1 .50 to about 120 pg, from about 2 fjg to about 1 10 pg, from about 3 pg to 
5 about 1 00 pg, from about 4 pg to about 90 pg, from about 5 pg to about 80 pg. from about 
5^g to about 125 fjg, from about 10//g to about 70yug. from about 10 pg to about 60 pg, 
from about 10 pg to about 50 //g, from about 10 pg to about 40 pg, from about 10 pg to 
about 30 pg, from about 10 y/g to about 20 pg, or from about 15 jug to about 25 pg. 

10 32. A method according to claim 31 , wherein the dally dose of vitamin D 2 Is from about 5 
fjg to about 125 pg, such as, e.g., from about 10 pg to about 20 pg. 

33. A method according to any of claims 22-32, wherein strontium and the vitamin D 
component are administered simultaneously. 

15 

34. A method according to any of claims 1-33 t the method comprising administering an 
amount of strontium and an amount of a parathyroid hormone or a fragment thereof or a 
parathyroid hormone related peptide or a fragment thereof to a subject In need thereof. 

20 35. A method according to claim 34, wherein the weight ratio between the amount of 
strontium and the amount of PTH, when calculated as recombinant human parathyroid 
hormone (1-34), is from about 165 to about 2,000,000, such as, e.g., from about 200 to 
about 1 ,500,000, from about 200 to about 1 ,000,000, from about 200 to about 750,000, 
from about 200 to about 500,000, from about 250 to about 200,000, from about 300 to 

25 about 1 00,000, from about 500 to about 70,000, from about 1 000 to about 50,000, from 
about 2500 to about 35,000, from about 3500 to about 30,000, from about 5000 to about 
25,000, from about 7500 to about 15,000 and from about 10,000 to about 15,000. 

36. A method according to claim 34 or 35, wherein the daily dose of strontium is at least 
30 about 0.01 g, such as, e.g. at least about 0.025 g, at least about 0.050 g, at least about 
0.075 g, at least about p.1 g, at least about 0.2 g, at least about 0.3 g, at least about 0.4 g 
or at least about 0.5 g or from about 0.01 to about 2 g such as, e.g., from about 0.1 to 
about 2 g, from about 0.3 to about 2 g or from about 0.3 to about 1 g. 

35 37. A method according to any of claims daim 34-36, wherein the daily dose of PTH, 
when calculated as recombinant human parathyroid hormone (1-35), is at least 1 //g, such 
as, e.g. at least about 2 //g, at least about 3 //g, at least about 4 jjg, at least about 5 //g, at 
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least about 10 //g, at least about 15 fjg 9 at least about 20 //g, at least about 25 fjg, at least 
about 30 j/g, at least about 35 fjg, at least about 40 fjg f at least about 50 fjg, or at least 
about 60 fjg, or from about 1 pg to about 60 fjg such as, e.g., from about 2 to about 50 //g, 
from about 3 pg to about 40 pg t from about 4 pg to about 40 //g, from about 5 fig to about 
5 40 pg, from about 1 0 //g to about 40 pg, from about 1 0 jjg to about 35 pg, from about 1 0 
pg to about 30 pg, from about 10 //g to about 25 pg, from about 10 pg to about 20 pg, 
from about 15 //g to about 40 pg, from about 20 //g to about 40 //g or from about 20 pg to 
about 30 pg. 

0 38. A method according to claim 37, wherein the daily dose of PTH, when calculated as 
recombinant human parathyroid hormone (1 -35), Is from about 1 0 ^g to about 40 jug, such 
as, e.g., from about 10 pg to about 30 pg, from about 1 0 //g to about 20 pg, from about 20 
pg to about 40 fjg or from about 20 fjg to about 30 fjg. 

5 39. A method according to any of claims 1-37, the method comprising administering an 
amount of strontium and an amount of bisphosphonate to a subject in need thereof. 

40. A method according to the invention where the bisphosphonate is selected from the 
group comprising ibandronate, zoledronate, alendronate, rlsedronate, etidronate 

• ■ 

0 chlodronate, tiludronate and pamidronate 

41. A method according to claim 39 or 40, wherein the amount of bisphosphonate 
administered corresponds to 100% or less of RDD, such as, e.g. 90% or less, 80% or 
less, 75% or less, 70% or less, 65% or less, 60% or less, 55% or less, 50% or less, 45% 

;5 or less, 40% or less, 35% or less, 30% or less, 25% or less, 20% or less, 15% or less, 
10% or less, or 5% or less. 

42. A method according to any of claims 1-41, the method comprising administering an 
amount of a) strontium and an amount of b) calcitonin to a subject in need thereof. 

0 

43. A method according to claim 42, wherein the amount of calcitonin administered 
corresponds to 100% or less of RDD, such as, e.g, 90% or less, 80% or less, 75% or less, 
70% or less, 65% or less, 60% or less, 55% or less, 50% or less, 45% or less, 40% or 
less, 35% or less, 30% or less, 25% or less, 20% or less, 15% or less, 10% or less, or 5% 

5 or less. 



44. A method according to any of claims 1-43, the method comprising administering an 
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amount of a) strontium and an amount of b) a selective estrogen receptor modulator to a 
subject In need thereof. 

45. A method according to the Invention where the selective estrogen receptor modulator 
5 is selected from the group comprising raloxifene, arzoxffene, droloxlfene, tamoxifen, 4- 
hydroxy-tamoxifen, 4*-iodotamoxifen, toremlfene, (deamlnohydroxy)-toremifene, 
chlomiphene, levormeloxifene, ormeloxifene, chroman derivatives, coumarin derivatives, 
idoxlfene, nafoxidine, TAT-59. LY-353381, CP-33615B, MDL-1 03323, EM-800, ICI-182JCI 
183,780, ICI 164,384, IC1 183,780, IC1 164,384, dtethylstilbesterol, genistein, nafoxidine, 
10 nfoomifene citrate, moxesterol, diphenol hydrochrysene, erythro-MEA, allenollc acid, 
equilin-3-sulphate, cyciophenyl, chlorotrianisene, ethamoxytrlphetol, lasofoxlfene, 
bazedoxifene, genistein, tibolone, qspemifene, tesmllifene, droloxifene, panomifene, 
zindoxifene, meproxifene and faslodex 

15 46. A method according to claim 44 or 45, wherein the amount of the selective estrogen 
receptor modulator administered corresponds to 100% or less of RDD, such as, e.g., 90% 
or less, 80% or less, 75% or less, 70% or less, 65% or less, 60% or less, 55% or less, 
. 50% or less, 45% or less, 40% or less, 35% or less, 30% or less, 25% or less, 20% or 
less, 1 5% or less, 1 0% or less, or 5% or less. 

20 

47. Use of a strontium-containing compound together with one or more further active 
substances capable of reducing the incidence of bone fracture and/or Increasing bone 
density and/or improving healing of fractured bone and/or improving bone quality 
according to any of claims 1-46, for the manufacture of a medicament for the prophylaxis 

25 and/or treatment of a disease or condition involving alteration in the turnover of cartilage 
and/or bone turnover. 

* 

48. Use of a strontium-containing compound together with one or more further active 
substances capable of reducing the incidence of bone fracture and/or increasing bone 

30 density and/or improving healing of fractured bone and/or Improving bone quality 

according to any of claims 1-46, for the manufacture of a medicament for the prophylaxis 
and/or treatment of a disease or condition involving alteration in the turnover of cartilage 
and/or bone turnover, as quantified with biochemical markers of either cartilage turnover 
or bone turnover. 

35 

♦ 

49. Use of a strontium-containing compound together with one or more further active 
substances capable of reducing the incidence of bone fracture and/or increasing bone 
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density and/or improving healing of fractured bone and/or Improving bone quality 
according to any of claims 1 -46, for the manufacture of a medicament for administration to 
a subject in need thereof as assessed by measuring the presence of elevated bone 
turnover by the use of specific biochemical markers of bone turnover and/or decreased 
5 bone mineral density identified by X-ray measurement of a skeletal site such as the hip, 
spine or forearm. 

50. Use of a) a strontium-containing compound together with b) one or more further active 
substances capable of reducing the Incidence of bone fracture and/or Increasing bone 

10 density and/or Improving healing of fractured bone according to any of claims 1-49, for the 
manufacture of a medicament comprising a concentration of a) and b) that is effective in 
preventing and/or treating a cartilage and/or bone disease. 

51. Use according to claim 47- 50, wherein the prophylaxis and/or treatment leads to at 
1 5 least one of the following: 

i) improvement of bioavailability of a) and/or b) compared with administration of a) alone 
or b) alone in the same doses, 

20 ii) improvement of pharmacokinetic parameters of a) and/or b) compared with 
administration of a) alone or b) alone in the same doses, 

Hi) reduction of frequency and/or magnitude of side-effects of a) and/or b) compared with 
administration of a) alone or b) alone in the same doses, 

25 

iv) obtaining of an additive or synergistic effect of a) and b) compared with administration 
of a) alone or b) alone in the same doses, 

* 

v) reduction of daily dose of a) and/or b) compared with RDD for a) alone or b) alone in 
30 the same doses to obtain a prophylactic and/or therapeutic effect. 

52. A pharmaceutical composition comprising a) a strontium-containing compound and b) 
one or more further active substances capable of reducing the Incidence of bone fracture 
and/or increasing bone density and/or improving healing of fractured bone and/or 

35 improving bone quality according to any of claims 1-46, together with one or more 
physiologically acceptable excipients. 
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53. A pharmaceutical composition according to claim 52 In the form of a tablet 

54. A pharmaceutical composition according to claim 53, wherein the tablet is coated with 
a coating that enables release of at least part of the salt In the proximal part of the small 

5 Intestine, such as e.g. the duodenum and/or the proximal jejunum such as at least 50% 
w/w, at least 60% w/w, at least 65% w/w, at least 70% w/w, at least 80% w/w or at least 
90% w/w of the total amount of the salt contained In the tablet. 

55. A pharmaceutical composition according to claim 52 or 53, wherein the tablet has a 
10 shape that makes it easy and convenient for a patient to swallow. 

56. A pharmaceutical composition according to claim 55, wherein the tablet has a rounded 
or a rod-like shape without any sharp edges. 

15 57. A pharmaceutical composition according to any of claims 52-52, wherein the tablet is 
designed to be divided into two or more parts. 
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